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jL  he  connexion  of  astronomy  with  geography  is  so 
^vident^  and  both  in  conjunction  so  necessary  to  a 
liberal  education^  that  no  man  will  be  thought  to 
have  deserved  ill  of  the  repoblic  of  letters,  who  has 
applied  his  endeavours  to  diffuse  more  universally 
the  knowledge  of  these  useful  sciences,  or  to  render 
the  attainment  of  them  easier  ;•  •  for  as  no  branch  of 
literature  can  be  fiiUy  conipMiended  without  them, 
»o  there  is  none  which  imjtr^l^fifs  morfe  pleasing  ideas 
on  the  mind,  or  affords  it  a  more  rational  enter- 
tainment. 

The  fifth  edition  of  my  father's  treatise  on  the 
globes  being  out  of  print,  I  was  solicited  to  reprint 
it  *.  To  obviate  several  objections  to  the  form  in 
which  he  had  disposed  the  problems,  I  was  in- 
duced to  undertake  the  present  work,  in  which 
they  are  arranged  in  a  more  methodical  manner,  and 
^  great  number  added  to  them.     Such  facts  arei  also 


♦  The  first  edition  appeared  in  17C6,  the  third  in  1772.  A  re- 
}>rintil  of  this  obsolete  work  was  made  in  1810,  by  the  brother 
(O.  Adams)  of  our  late  author,  which  he  has  denominat^^ 
iic  ThirtUih  EiMtiontlt       tmt. 
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occasionally  introduced,  such  observations  inter- 
spersed,  and  such  relative  information  communi- 
cated, as  it  is  presumed  will  excite  curiosity,  and 
fix  attention. 

Having  proceeded  so  far  in  this,  work,  I  found 
that  it  was  easy  to  render  it  subservient  to  my  plan 
of  publishing,  from  time  to  time,  ^^  Essays  de- 
scribing THE  Use  of  Mathematical  and  Phi- 
LosoPHiCAL Instruments;'  for  the  description  of 
those  which  have  been  contrived  to  smooth  the  path 
to  the  science  of  aetronomy,  or  to  faciUtate  the  prac- 
tice of  the  arts  depending  on  it,  could  no  where  be 
introduced  with  so  much  propriety,  as  in  a  work 
which  treated  of  its  elementary  principles. 

To  further  this  design,  it  was  necessary  to  prefix 
an  introduction  to  astronomy.  This  is  divided  int6 
three  parts :  in  the  first,  the  pupil  is  supposed  to  be 
placed  in  the  sun,  the  centre  of  the  solar  system; 
from  this  situation  he  considers  the  motion  of  the 
heavenly  host,  and  finds  that  all  is  regular  and  har- 
monious. In  the  second  part,  his  attention  is  di- 
rected to  the  appearances  of  the  planetary  bodies,  as 
observed  from  the  earth.  It  were  to  be  wished,  that 
the  tutor  would,  at  this  part,  exhibit  to  his  pupil 
the  various  phenomena  in  the  heavens  themselves : 
by  teaching  him  thus  to  observe  for  himself,  h^ 
would  not  only  raise  his  curiosity,  but  so  fix  the  im- 
pressions which  the  objects  have  made  on  his  mind, 
that  by  proper  cultivation  they  would  prove  a  fruitful 
source  of  useful  employment ;  and  he  would  thereby 
al$o  gratify  that  eager  desire  afte^  novelty,   whicli 
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continually  animates  young  minds,  and  furnish  them 
with  objects  on  which  to  exercise  their  natural  acti- 
vity. In  the  third  part  of  this  introduc'vion,  there* 
ceived,  or  Copernioan  system  is  explained :  by  ..this 
system  the  various  phenomena  of  the  heavens  are  rur 
tionally  accounted  for ;  it  shews  us  how  to  reconcile 
the  real  state  of  things  with  the  fallacies  arising  from; 
the  senses ;  and  teaches  us  that  the  irregularities  ob* 
servable  in  tlie  motion  of  the  heavenly  bodies,  arc' 
for  the  most  part  to  be  attributed  to  the  situation 
from  which  they  are  observed.  Astronomy,  in  com- 
mon with  other  branches  of  mathematics,  while  it 
strengthens  the  powers  of  the  mind,  restrains  it 
from  rash  presumption^  and  disposes  it  to  a  rational- 
assent. 

The  principles  of  the  Copernican  system  are  fur-^ 
ther  elucidated  in  the  third  Essay ;  in  which  the 
most  improved  planetarium,  lunarium,  and  tellurian, 
are  described.  These  instruments,  though  less  com- 
plicated in  their  construction  and  less  expensive  to 
the  purchaser,  than  those  large  ones  heretofore  made 
for  the  same  purpose,  are  equally,  perhaps  better, 
adapted  to  explain  the  general  principles  of  astrono* 
my.  In  describing  them,  it  was  necessary  to  recon- 
sider many  subjects  which  had  been  previously  treat- 
ed ;  but  as  they  are  here  placed  in  another  point  'of 
view,  presented  to  the  mind  under  a  Mdifierent  form, 
are  generally  described  in  other  words,  and  often 
with  the  addition  of  new  matter,  it  is  hoped  that  the 
repetitions,  so  far  from  being  an  object  of  complaint, 

will  be  found  to  xiontrihute  to  the  main  intention  of 
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this  work,  by  conveying  further  instruction^  fixing 
it  more  deeply  in  tlie  mind^  and  rendering  that  ob~ 
vieus  which  before  might  be  found  difficult. 

Oil©  part  seemed  wanting  to  an  introductory  trea- 
tise oil  practical  astronomy ;  something  that  would 
gently  lead  the  pupil  to  a  knowledge  of  the  practical 
part  of  this  science,  a  branch  of  astronomy  to  which 
we  are  indebted  for  our  present  knowledge  of  the 
heavens,  by  which  geography  has  been  improved, 
and  by  which  the  passage  of  ships  over  the  trackless 
ocean  is  facilitated. 

There  is  no  part  of  mathematical  science  more 
simple  and  easy;  than  the  measurement  of  the  relative 
positions  and  distances  of  inaccessible  objects ;  yet  to 
the  uninstructed,  to  determine  the  distance  of  a  ship 
on  the  ocean,  to  ascertain  the  height  of  the  clouds 
and  meteors  that  float  in  the  atmosphere,  to  fix  the 
latitude  and  longitude  of  places,  &c.  are  problems 
that  have  ever  appeared  to  be  above  the  reach 
of  human  art ;  they  are  therefore  particularly  caicu-- 
lated  to  engage  the  attention  of  young  minds,  and 
may  be  used  to  encourage  diligence,  and  reward 
apphcation. 

To  introduce  the  pupil  to  this  branch  of  astrono* 
my^  I  have  described  two  instruments,  each  &i 
which  V9,  simple  in  its  constniction,  and^  of  small  ex- 
p^nce.  By  these  fee  may  find  the  distance  of  any 
inaccessible  pbject,  the  height  of  a  spire,  a  mountain, 
or  any  other  elevation ;  learn  to  plot  a  field ;  -ascer- 
tain th^  altitude  of  a  cloud,  a  fine  ball,  or  any  other 
njieteoT ;  dcfleiteine  with  accwracy  thehoorof  the  ^y, 
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the  latitude  or  longitude  of  a  pUce,  ynt\K  tnany  other 
curious  problems.  In  the  selection  of  these,  for  the 
first  edition,  I  have  to  acknowledge  the  assistance  I 
received  from  an  ingenious  friend. 


The  Editor  to  this  sixth  edition^  ti^inks  it  necessary 
to  inform  the  Reader,  that  this  work  has  been  again 
carefully  raised  by  hint,,  all  observed  errors  correct-^ 
ed,  new  astronomical  discoveries  inserted,  including 
a  plate  of*  the  path  and  descriptions  of  the  two 
recent  very  remarkable  con^ets^  and  such  ofheradf- 
ditions  made,  as  appeared  iwcessary  to  the  infor^ 
fnation  of  the  beginner,  and  the  v>se  of  the  preceptor. 
On  the  decease  of  our  worthy  author,  som^  ycfirg 
back,  hi$  widgw,  not  meeting  with  a  liberal  and 
adequaie  offer,  eithef*  by  private  treaty,  or  public 
auction,  Jor  the  copy-right^  of  her  husbands  v(/dujabU 
works  i  on  her  application  to  the  Editor  ^nd  his 
Brother,  by  an  advanced  tender,  they  became,  im* 
partially,  the  purchasers.     This  explanation,  wilt 
prevent  the  effect  of  fin  unjust  insinuation  or  misre^ 
presentation.     It  is  hoped,  that  the  Editor,  without 
the  imputation  of  arrogance  to  himself,  may  add, 
that  the  works  have  been  rendered  the  Tmnst  correct  in 
his  own  d^artmeni,  by  thus  coming  under  his  at-^ 
tention  and  revision. 

Uolbom,  Augusfl,  1112. 
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W.  and  S.JONES  think  it  proper  hereby  to  inform  the  reader, 
that  there  are  now  completed  two  entire  new  sets  of  engraved 
plates,'  for  Globes  of  eighteen  and  twelve  inches  diameter.  The  many 
recent  geographical  and  astronomical  discoveries  have  rendered  the 
old  globes  inaccurate  and  obsolete,  and  new  ones  indispensably 
necessary. 

On  the  18-inch  Terrestrial  are  inserted  ail  the  lastest  discoveries 
from  the  voyages  of  Capt.  Cook,  rancom/re,  Peroase,  &c.  engraved  from 
an  accurate  drawing  by  Mr.  Arrowsmith,  and  all  the  names  of  the 
places  delineated  in  a  clear  and  distinct  manner.  On  the  Celestial,  is 
depicted  the  exact  places  of  more  than  6000  stars,  clusters,  planetary, 
nebulae,  &c.  communicated  by  Dr.  Herschcl,2i\\d  other  astronomers, 
and  calculated,  in  position,  for  the  pfesent  century,  or  the  year  1800, 
by  iV,  Jcnes,  The  size  of  these  Globes,  which  is  considered  of  the 
dimensions  the  most  manageable,  rendei-s  thehi  comprehensive  of  many 
particulars  not  to  Ue  contained  in  smaller  ones.  The  graduation  of  the 
great  circles  are  to  20  minutes  of  a  degree  j  and  by  simpleaiKllmpwv-^ 
eil  hour  circles,  the  time  is  shewn  to  a  few  minutes.  The  Globes  are  so 
constructed,  as  in  the  simpkst  manner  to  be  capable  of  alt  solutions' 
tltat  it  is  possible  for  globes  to  give,  and  the  nameis  are  in  the  £Q^Hsii 
language. 

The  general  prices,  per  piir,  are  from  8  <o  1*8  guineas,  according 
to  tl^e  frames',  mounting,  &c.  as  may  be  seen  1n  H^.  and  S.  Jones's 
Catalogue  of  instrunients  annexecl. 

,  The  12-inch  Globes  are  reduced  copies  of  the  above  IS.jnch,  and 
contain  rather  more  thkn  half  l fie  countries,  stars,  &c.  that  are  upon 
the  la-inches.    The){^uations  of  the  great  circle  are  to  30  minutes 
or  half  a  degree.       »  -  /  . 

The  price  in  plain  frames,  the  pair,  is  4  guineas,  and  5  shillings  for 
the  addition  of  a  compass  fitted  to  both  horizons  of  the  Globes.  In 
mahogany  claw-ftet  frames»  6  guineas. 

Tke  Gbbes  may  be  packed  securely  in  packing  cases,  so  as  to  be 
conveyed  salely  to  all  parts  of  the  wprld. 
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I»ART  L 

• 

Mankind  have  in  all  ages  been  desirous  6f  fbnJDtr 
ing  rational  cohceptions  of  the  nature  and  motion 
of  those  bodies  that  appear  in  the  vast  concave  above 
their  heads.  Amidst  the  infinite  variety  of.  objects 
>which  surround  theiii  dn  every  side,  the  heavenly 
l)odies  must  haVe  been  amongst  those  which  first  at- 
tracted their  attention.  They  are  of  all  objects  the 
most  conspiduous,  the  most  important^  and  the  most 
beautiful. 

Astronoihy  instructs  us  in  tlie  laws,  or  rules,  that 
govern  arid  direct  the  miotions  of  the  heavenly  host. 
It  weighs  and  considers  the  powers  by  which  they 
circulate  in  their  orbs.  It  enables  us  to  discover 
their  size,  determine  their  distance,  explain  their 

various  phenomena^  and  correct  the  fallacies  of  the 

senses  by  the  light  of  truth. 
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Astronomy  is  not  merely  a  speculative  science;; 
its  use  is  as  extensive  as  its  researches  are  sublime^ 
Navigation  owns  it  for  its  guide ;  by  it,  commerce 
has  been  extended  and  geography  improved.  It  is 
astronomical  observations  that  form  the  basi-s  of  geo- 
graphy.  Thus,  it  has  co-operated  with  other  causes 
in  the  greatest  of  all  works,  the  diffusion  of  know- 
ledge and  the  civilization  of  man. 

As,  in  order  to  attain  an  accurate  idea  of  any  piece 
^f  mechanism,  it  is  best  to  begin  our  investigation 
by  an  examination  of  those  parts  which  give  motion 
to  the  rest,  the  primary  causes  of  those  effects  for 
which  the  machine  was  made  ;  so  the  young  pupil 
will  more  easily  gain  a  just  idea  of  the  motion  of  the 
heavenly  bodies,  by  considering  them  as  seen  from 
the  sun,  the  centre  of  our  system,  and  the  princi- 
pal agent  us^d  by  the  Lord  of  Nature  for  con- 
ducting and  regulating  the  planetary  system.. 

It  will  not  be  difficulty  after  this,^  to  inform  hiht 
how  those  appearances  are  to  be  accounted  for,  that 
arise  from  his  particular  situation  ;  whence  h^  views 
the  heavens  from  a  point  which  is  not  in  the  centre 
of  the  system,  and  is  consequently  the  source  of 
many  appansnt  irregularities^  This  knowledge  at* 
tained,  it  will  be  easy  to  prove  to  him,  tha*  the  real 
and  apparent  motions  of  the  heavenly  bodies  are 
frequently  the  reverse  of  each  other.  For,  being  by  . 
this  means  put  into  possession  of  the  universals 
of  this  science,  the  knowledge  of  partieulw*  will,  fce 
^tendered  focik  aud  ckar>^ 
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%F   tHE    S0LAR    SYI^TEM    AS    8SCN    BV   A    St*ECf  ATOR 

SUPPOSED  TO   BE   PLACED   IN   THE    SUN* 

»•  .  .  -  - 

As  the  centre  of  the  system  is  the  only  place  from 
Which  the  motion  of  the  planets  can  be  truely  seen, 
let  us  suppose  an  observer  placed  in  the.  centre  of 
the  sun.  In  this  situation  he  will  see  at  otie  view  aU 
the  heavens^  which  will  appear  to  him  perfectly 
spherical,  the  stars  being  so  n^any  liicid  points  in 
the  concave  surface  of  the  sphere^  whose  centre  is 
the  sun,  of,  in  the  present  instance,  the  eye  of  th? 
observer. 

Our  spectator  will  not,  however^  immediately  con- 
clude from  appearahces,  either  that  the  heaven^  are 
really  spherical,  or  that  the  sun  is  in  the  centre  of 
that  sphere,  or  that  the  stars  are  all  at  an  equal  dis^ 
tance  from  him ;  having  been  previously  taught  by 
experience  aird  observation,,  that  while  he  remains 
in  the  same  place,  he  cannot  judge  properly  of  thel 
distance  of  the  surrounding  objects,  at  least  of  those 
which  are  placed  beyond  the  ordinary  reach  of  view. 
When  objects  are  removed  beyond  the  distances  we 
ai*e  accustomed  to,  the  principles  by  which  we  form 
our  gienerai  judgment  fail  us ;  and  we  can  only  tell 
which  is  nearest,  or  which  is  furthest,  either  by  our 
own  motion,  or  that  of  the  objects* 

To  illustrate  this,  let  us  suppose  a  number  of 
lamps  to  be  placed  irregularly^  at  different  distances 
from  the  eye,  iii  a  dark  night.    Now,  if  in  this  case 
We  suppose  the  darkness  to  be  so  complete,  that  no 
intermediate  objects  could  be  sesn,  no  di&p^Gu^d^iu 
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colour  discerned,  nor  any  convergence  towards  the 
point  of  sight  be  perceived ;  our  judgment  could  not 
assist  us  in  distinguishing  the  distance  of  one«  from 
the  other,  and  they  would  therefore  all  seem  to  be  at 
an  equal  distance  from  the  spectator. 

For  the  ssitne  reason,  the  sun  and  moon,  the  stars 
•nd  planets,  appear  to  be  all  at  an  equal  distance 
from  us,/  though  it  is  highly  probable,  that  some  of  s 
the  stiirs  are  many  millions  of  times  nearer  to  us  than 
others.     The  sun  is  demonstrated  to  be  nearer  than 
any  of  the  stars.     The  moon  and  some  of  the  planets 
are  known  by  ocular  proof  to  be  nearer  to  us  than 
the  sun,  because  they  sometimes  come  between  it 
and  our  eye,  and  hide  the  whole,  or  a  great  part  of 
his  disc,  from  our  view.    They  all,  however,  appear 
equally  distant,  and  as  if  placed  in  the  surface  of  4 
sphere,  whereof  our  eye  is  the  centre.     In  whatever 
place,  therefore,  the  spectator  resides,  xvhether  it  be 
<m  this  earth,  in  the  sun,  or  in  the  regions  of  satum^ 
he  will  consider  that  place  as  the  middle  point  of 
the  universe,   and  the  centre  of  the  world ;  for  it 

* 

will  be  to  him  the  centre  of  a  spherical  surface,  |n 
which  all  distant  bodies  seem  to  be  placed. 

These  things  being  rendered  plain,  the  pupil  m^ 
proceed  to  consider  the  observations  of  the  solar 
spectator ;  to  -whom,  as  we  have  already  observed^ 
the  heavens  will  appear  as  the  surface  of  a  concave 
^sphere,  concentrical  to  his  eye  :  in  this  surface  h^ 
S^iill  discover  an  innumerable  host  of  fixt  stars,  which 
ivill  for  tome  time  engage  his  attention,  before  he 
'discovers  that  they  may  be  distinguished  ipto  twa 
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kinds  5^  the  one,  dispersed  through  the  whole  hea^- 
vens,  differing  in  their  degree  of  brightness,  but  re* 
maining  always  at  the  same  relative  distance  from 
each  other ;  these  he  will  therefore  oaXl  Jixed  ^ars, 
or  ohly  stars.  Be3ides  these,  he  will  find  some  others 
moving  among  the  foregping  with  different  velocities, 
which  he  will  call  wmidermg  stars  or  planets. 
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ft 

Having  proceeded  thus  for,  our  spectator  will  en- 
deavour to  find  out  some  method  of  distinguishing 
the  stars  from  each  other ;  concluding,  that  as  they  do 
not  change  their  relative  positions  one  to  the  other, 
he  may  easily  make  an  exact  description  of  them,  and 
by  repeated  observations  determine  the  pos^itioo  and 
oL  which  .„b™t.^„gAe„,. 

That  he  may  avoid  eonfiisionin  descnpticm,  and 
be  able  to  point  out  any  particular  star,  without  be- 
ing obliged  to  give  a  name  to  each,  he  will  divide 
them  into  several  parcels ;  to  each  of  these  he  ivill  - 
assign  a  figure  at  pleasure;  these  assemblages  or 
groups  of  stars,  he  will  call  cansfelkethns.  Thus^ 
'  a  number  df  stars  near  the  north  pole  is  caUed  the 
Bear,  because  the  stars  which  compose  it  are  at  such' 
distances  from  each  other,  that  they  may  fkl)  within- 
the  figure  of  a  bear.  Another  constellation  is  calted 
the  Ship,  because  that  collection  of  stars  whidi  com-^ 
pose  it  is  represented  upon  a  celestial  globe  as  coxor 
prized  within  some  part  of  the  figure  of  a  3hip* 
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As  the  fixed  stars  will  appear  to  our  observer  of 
different  degrees  of  magnitude  and  splendor,  he  will 
divide  them  into  different  classes.  Those  whicli 
seem  the  largest  and  brightest,  he  will  call  stars  of 
the  first  magnitude ;  the  smallest  that  we  can  see 
wi^h  the  naked  eye  are  called  stars  of  the  sixth 
magnitude ;  and 'the  intermediate  ones,  according  to 
their  different  apparent  sizes,  he  will  call  of  the  se-^ 
cond,  third,  fourth,  or  fifth  magnitudes.  Those 
stars  which  cannot  be  seen  without  the  assistance 
of  a  telescope,  are  not  reckoned  in  any  of  these 
classes,  and  are  called  telescopic  stars. 

By  a  knowledge  of  the  fixed  stars  and  their  posi- 
tiohs,  our  observer  will  obtain  so  many  fixed  points,^ 
by  which  he  may  observe  the  motionjs  of  the  planets 
and  the  relation  of  these  motions  to  each  other ;  he 
will  use  them  as  so  many  land-marks,  if  the  word 
may  be  allowed,  by  which  the  situations  of  other 
c^estial  bodiesmay  be  ascertained,  and  the  varieties 
to.  which  they  are, subject  be  observed.  For,  from 
the  same  place,  the  motions  of-  the  heavenly  bodiea . 
can  only  be  estimated  by  the  angle  formed. at  the 
spectator's  eye  by  the  space  which  the  moving  body 
pa^es  over. 

To  measure  the  spaces,  the  stars  must  be  used, 
im^kI  considered  as  so  many  luminous  points  fixed. in 
the  concavity , of  a  sphere,  whose  radius: is  indefinite, 
apd  of  which  the  observer's  eye  is  the  centre.  Wo 
iKia?y.  leam  from-  hence  the  necessity. of  forpiing  an 
^oiact  catalc^e  of  stars^  and  of  determimng  their 
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positions   with  accuracy  and  caru.     With  such  n 
catalogue  the  science  of  astronomy  begins* 

Although,  to  those  who  are  unacquainted  with  tl»r 
nature  of  celestial  observation,  it  might  at  first  sigh^ 
appear  almost  impossible  to  niunbfcr  the  stars;  yet 
their  relative  situations  have  been  so  carefully  obr 
served  by  astronomars,  that  they  have  not  only  been 
numbered,  but  even  their  places  in  the  heavens  haiv« 
been  ascertained  with  greater  accuracy  than  the  ro^ 
lative  situations  of  most  places  on  the  suxface  of  the 
cfarth* 

The  greatest  number  of  stars  that  am  visible  t0 
the  naked  eye,  are  to  be  seen  on  a  winter's  night> 
when  the  air  is  clear,  and  no  moon  appears.  But 
even  Ijien  a  good  eye  can  scarce  distinguish  mor^ 
than  one  thousand  at  a  time  in  the  visible  hemis- 
phere :  for,  though,  on  such  a  nighty  they  appear  to 
be  almost  innumerable,  tliis  appearance  is  adjacepi- 
tion,  that  arises  from  our  viewing  them  in  a  transifoit 
and  confused  manner;  whereas^  if "we  view  them 
distinctly,  and  only  consider  a  small  portion  of  th<^ 
heavent  at  a  tirne^  and,  after  some  attention  to:  the 
situation  of  the  remarkable  stars  omtained  in  that 
portion,  begin  to  count,  we  shall  be  surprized  at  ther 
smallness  of  their  number  and  the  ease  with  uriiich 
they  n^ay  be  enun^erat^^ 

The  Qumber  of  th^  andeiyt  eonstellationS' was  48^ 
inthes^w^re  included  1022  stars*  MaHy' consitaSn 
lations  have  been  added  by  modem  astroiiomers;  so 
that  the  catalogue  of  Mamsteed  and  De.  la  Ccnlte^ 
whiea  addedt  together,  are  found  to  contaiti  oear^fivit 

a4 
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thousand  stars.  The  names  of  the  constellationsy 
their  situation  in  the  heavens^  with  other  particulars, 
sire  best  learned  by^stud^png  the  artificial  r^presehta- 
tion  of  the  heavens^  a  modem  celestial  globe. 

The  Galaxy  or  milky  way  must  not  be  n^lected ; 
it  is  one  of  the  most  remarkable  appearances  in  the 
heavens  ;  it  is  a  broad  cilx:le  of  a  whitish  hue,  in 
some  places  it  is  double,  but  for  the  most  part  con-* 
sists  of  a  single  path  surrounding  the  whole  celestial 
concave.  The  great  Galileo  discovered  by  the  tele- 
scope, that » the  portion  of  the  heavens  which  this 
circle  passes  through  was  every  where  filled  with  an 
infitiite  multitude  of  exceeding  small  stars,  too  small 
to  be  discovered  by  the  naked  eye,  but  by  the  com- 
bination of  their  light,  diffusing  a  shining  whiteness 
through  the  heavens.  Mr.  Brydone  says,  that  when 
he  was  at  the  top  of  Mount  -^tija,  the  milky  way 
h^d  the  most  beautiful  effect,  appearing*  like  a  pure 
flame  that  shot  across  the  heavens. 

m 

The  stars  appear  of  a  sensible  magnitude  to  the 
naked  eye,  because  the  retina  is  not  only  affected  by 
the  rays  of  light  which  are  emitted  directly  from 
them,  but  by  many  thousands  more,  which,  falling 
upon  our  eyeJashes,  and  upon  the  visible  aerial  par- 
ticles about  us,  are  reflected  into  our  eyes  so  strongly, 
as  to  excite  vibrations,  not  only  in  those  points  of 
the  retina  where  the  real  images  of  the  stars  are 
formed,  but  also  in  the  other  parts  round  about  it. 
This  makes  us  imagine  the  stars  to  be  much  bigger^ 
than  they  would  be  if  we  saw  them  only  by  the  few 
rays  which  ?ome  dijrectly  from  them  to  our  eyjes^ 
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without '  being  intermixed  with  others*  Any  one 
may  be  made  sensible  of  this,  by  looking  at.  a  star 
ofthe  first  magnitude  through  a  long  narrow  tube; 
which,  though  it  takes  in  as  much  of  the  sky  as 
would  hoJid  a  thousand  of  such  stars,  scarce  renders  > 
that  one  visible. 

The  number  of  the  stars  almost  infinitely  exceeds, 
what  we  have  yet  been  speal^ing  of.  An  ordinary 
telescope  will  discover,  in  several  parts  of  the  hea- 
vens^  ten  times  as  many  dtars  as  are  visible  to  the 
|]iaked  eye,  Hooke  in  his  Micrographia  says,  that 
with  a  telescope  of  twelve  feet  he  discovered  seventy- 
eight  stars  among  the  Pleiades,  and  with  a  more  per- 
fect telescope  manj^  more,  Galileo  reckoned  eighty 
in  the  space  between  the  belt  and  the  sword  of  Orion, 
and  above  five  hundred  more  in  another  part  of  the 
same  constellation,  within  the  compass  of  one  or  two 
d^rees  square.  Antpnia  Maria  de  Rheita  counted 
in  the  same  constellation  above  ten  thousand  stars. 
Future  improvements  in  the  telescopes  may  enable 
us  to  discover  numberless  stars,  that  are  now  invisi-^ 
ble ;  and  many  more  may  be  which  are  too  remote 
to  he  seen  through  •telescopes,  even  when^they  havj© 
received  their  ultimate  improvement.  Dr.  Herschei, 
to  whose  ingenuity  and  assiduity  the  astronomical 
world  is  so  much  indebted,  and  whose  enthusiastie 
ardor  has  revived  the  spirit  of  discoveries,  of  which 
we  shall  sp^Jc  more  largely  in  another  part  of  this 
essay,  has  evinced  what  may  be  effected  ,by  improve- 
ments in  the  instruments  of  observation.  In  speak* 
iflg  here  of  his  discoveries,  I  shall  use  the  words  o$ 
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Mw  De  la  Lande**  "  In  passing  rapidly  over  the 
heavens  with  his  new  telescope,  the  universe  in- 
creased  under  his  eye;  44O0O stars,  seen  in  the  space 
of  a  few  degrees,  seemed  to  indicate,  that  tiiera 
were  seventy-Jive  millions  in  the  heavens.**  He  hM 
also  shewn  that  many  stars,  which  to  the  eye  op 
tilvough  ordinary  g}a^es  appear  single,  do  in  &ct 
eoi^ist  of  two  or  more  stars.-J*  The  Galaxy  or  milky 
way  owes  it^  light  entirely  to  the  multitude  of  small 
stars,  placed  so  dose  as  not  to  be  discoverable  even 
by  an  ordinary  telescope.  The  nebulae,  or  small 
whitish  specks,  discerned  by  means  of  telescopes^ 
owe  their  origin  to  the  same  cause;  former  astrolo- 
gers could  only  reckon  1:03,  Dr.  Herschel  has  disco- 
vered upwards  of  1250  ^of  these  clusters,  besides  » 
^ecies  which  he  calk  planetary  nebulQ&.  But  what 
are  all  those,  when  compared  to  those  that  ftU  the 
whole  expanse,  tjie  boundless  fields  of  ether !  Indeed, 
the  immensity  of  the  world  must  contain  such  num^ 
bers^  as  would  exceed '  the  utmost  stretch  of  the  hu- 
man imagination:  for  who  can  say,  how  fiir  the 
wnivers^  extends,  or  where  sire  the  limits  of  it? 
where  the  Creator  stayed  "  his  rapid  wheels ;"  or 
«there  he  ^^  fixed  the  golden  compasses  T* 

OF   THE   PLANETS,   AS   8EBN   FROM   THE    SUN. 

Our  solar  observer  having  attained  a  competent 
knowledge  of  the  fixed  stars^^  will  now  apply  hin^ 

*  Mcmoircs  de  TAcademjede  Dijon,  1785. 
\  Ir  all  the  larger  sort  of  telescopes,  the  apparent  number  of 
»iftrs  is  found  to  be  encreased,  a^tbeapertureof  the  tube  U  aug* 
Bleated*     kdit. 
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felf  to  consider  the  planets :  these,  as  we  have  al- 
ready observed,  he  will  soon  distinguish,  by  their 
motion,  from  the  fixed  stars;  the  stars  always  re- 
maining in  their  places,  but  the  planets  will  be  seen 
passing  by  them  with  unequal  velocities.  Thus,  on 
observing  the  £arth>  for  instance,  he  will  find .  it . 
moving  among  the  fixed  $tar$,  and  approaching 
nearer  and  nearer  to  the  .more  eastern  ones ;  in  a 
yearns  time  it  will  complete  its  Fevolution>  and.  retucp, 
to  the  same  place  again. 

He  will  find  seven  of  these  bodies  revolving  round 
the  sun^i  to  each  of  which  he  will  assign  a  name, 
calling  the  swiftest  Mercury^  denominating  the  others^ 
in  order,  according  to  their  velocities,  as  Fenus,  then 
the  Earthy  and  afterwards  Mars,  Jupiter,  Saturn% 
*nd  the  GeorgiumSidus. 

Proceeding  with  attention  in  thus  exploring  and 
examining  the  heavens,  he  will  perceive  that  the 
Earth  is  always  accompanied  by  a  small  star,  Jupiter 
by  fout,  Saturn  by  seven,  and  the  Geor^um  Sidut 
by  two  :^  these  sometimes  precede,  as  others  follow ; 
now^pass  before,  ^nd  then  behind  the  planets  they 
respectively  attend.  These  small  bodies  lie  will  call 
secondary  planets,  satellites,  or  moons^ 

The  observer,  by  remarking  the  exact  time  when 
each  planet  passes  over  some  fixed  star^  and  the  time 
they  employ  from  their  setting  out  to  :their  return  to 
the-  same  star  again,  will  find  the  times  dapsing  be- 
tween each  sikicessive  return,  of  the  same  planet  to* 

*  Four  Bifltre  ha?e  lately  been  discoTcrod  hj  Jhi  Hcnchet^ 
ani  will  Hie  hereafter  described.    *x>it* 
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the  same  star,  to  be  equal ;  and  he  would  say,  that 
the  several  planets  describe  circles  in  several  periods ; 
but  that  each  of  them  always  completes  its  own  cir- 
cle in  the  same  space  of  time. 

He  will  further  observe,  that  there  are  certain  bo- 
dies, which  at  their  first  appearance  are  small,  ob* 
scure,  ill-defined,  and  that  move  very  slow,  but 
which  afterwards  increase  in  magnitude,  light,  and 
velocity,  until  they  arrive  at  a  certain  size,  when 
they  lose  these  properties,  and  diminish  in  the  same 
manner  as  they  before  augmented,  and  at  last  dis- 
appear. To  these  bodies,  which  he  will  find  in  all 
the  regions  of  the  heavens,  moving  in  different  di-  ' 
rections,  he  will  give  the  name  of  comets^ 

,0F  THE   PATHS   OF   THE    PLANETS, 
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Our  observer  will  take  notice,  that  the  planets  run 
successively  through  those  constellations  which  he 
has  denominated  Aries,  Taurus,  Gemim,  Cancer^ 
Z^ea,  Virgo,  Libra,  Scorpio,  Sagittarius,  Capricomus, 
Aquarius,  Pisces;  and  that  they  never  move  out  of 
a  certain  space  or  zone  of  the  heavens,  which  we  call 
the  zodiac. 

He  will  find,  by  proceeding  in  his  observation, 
that  the  orbits  of  the  planets  are  not  all  in  the  same  - 
plane,  but  that  they  cross  each  other  in  different 
parts  of  die  heavens;  so  that,  if  he  makes  the  orbit 
i^.ai^  one  planet  a  standard,  and  considers  it  as  hav-* 
ing  no  obliquity,  he  would  judge?  the  paths  of  aU 
the  rest  to  be  inclined  to  it;  each  plUn^t  having 
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pne  half  of  its  path  on  one  side^  and  the  other  h&lf 
on  the  opposite  side  of  the  standard  path  or  orbit. 
Astronomers  generally  assume  the  earth's  orbit  as  a 
standard  from  which  to  compute  the  inclination  of 
the  others^  and  call  it  the  ecliptic.  The  points  where 
the  oi^bits  intersect  each  other^  are  called  the  nodes. 

This  inclination  of  the  orbits  to  each,  other  may 
be  rendered  more  familiar  to  the  imagination^*  by 
taking  as  many  hoops  as  there  are  planets,  with  a 
wire  thrust  through  each^  and  thereby  joined  to  tha^ 
hoop  which  represents  the  ecliptic  ;  the  otter  hoop$ 
may  be  then  set  moi^  or  less  obliquely  to  the  repre^ 
sentative  of  the  ecliptic. 

The  several  orbits  do  not  cross  or  intersect  the 
ecliptic  in  the  same  point,  or  at  the  same  angles; 
but  their  nodes  or  intersections,  are  at  different  parts 
of  the  ecliptic. 

It  should,  however^  be  observed  here, .  that  Ih 
speaking  of  the  brbits'  of  the  planets,  nothing  more 
is  meant  by  this  term,  than  the  paths  they  pass 
through  in  the  open  space  in  which  they  move,  and 
in  which  they  are  retained  by  a  celestial  but  continue 
ov^  mechanism. 

V 

«F  THE  MOTION  OF  THE  PLANETS  ROUND  THF/r 

AXES. 

By  attentively  considering,  witji  a.  teie^jc  :ipe,  the 
surface  of  the   primary  planets,  our  solar  observer  • 
will  find  that  some  parts  or  spots  are  more  obscure 
than  others.     By  continued  observation  he  will  ftnd> 

Pr.  ^fW/Zs  Astionemj. 
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that  these  spots  change  their  places^  and  move  frcmi 
one  side  bf  the  |)lanet  to  the  other ;  then  disappear 
fot  a  certain  space  of  time ;  after  which  they  again^ 
for  a  while,  bepome  visible  on  the  side  where  they 
were  first  seen,  always  continuing  the  same  motion 
nearly  in  an  uniform  manner.  The  distance  between 
the  spots  grows  wider  as  they  advance  from  the  edge 
towards  the  middle  x>{  the  planet,  and  then  grows 
narrow  again  as  they  pass  from  the  middle  to  the 
other  edge-  The  time  they  are  seen  on  the  planet's 
disc  is  somewhat  lets  than  the  time  of  their  disap- 
"  pearance.  / 

From  these  circumstances  he  will  conclude,  firsts 
that  these  spots  adhere  to  the  body  of  the  planet ;  and 
secondly,  that  each  planet  is  a  globe  turning  on  its 
axis,  and  has  consequently  two  motions ;  one  where- 
by it  is  moved  round  its  axis  in  a  short  time,  the 
bther  whereby  it  revolves  round  the  sun.  These  mo- 
tions may  be  easily  conceived,  by  only  imagining  a 
'small  ball  to  roll  round  a  large  sphere-  The  first  of 
these  motions,  or  that  of  a  j)lanet  round  its  axis,  is 
called  the  diurnal  motion ;  and  the  second,  or  its  re- 
Volution  round  the  sun,  is  called  the  annual  motion. 

The  tutor  may  in  some  measure  realize  to  his  pu- 
jpil  the  foregoing  heliocentric  phenomena, .  by  platti 
1 ,  Jig.  1 ,  of  the  solar  system ;  or  still  mucK  better 
by  means  of  a  planetarium :  for,  by  supposing  him- 
self on  the  brass  ball  which  represents  the  su^,  he 
will  see  that  all  the  planets  move  round  him  in  a  beau- 
tiful and  harmonious  order.  If  on  account  bf  their 
flistance,  he  refers  their  motions  to  the  fixed  star% 
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he  will  see  how  readily  the  periods  of  their  revolu- 
tions may  be  obtained,  by  observing  the  time  that 
elapses  between  their  setting  out  from  any  fixed 
point,  or  star,  and  their  returning  to  the  same  again. 
He  will  also  see,  that  if  the  paths  of  the  planets 
were  in  one  plane,  as  in  the  instrument,  they  would 
all  be  transferred  to  one  circle  in  the  heavens.  . 
.  When  he  understands  these  particulars^  the  tutor 
may  proceed  to  ;^ew  him  that  the  motions,  which 
are  so  regular  when  viewed  from  the  sun,  become 
intricate  and  perplexed  when  viewed  from  the  earth; 
and  infer  from  hence,  that  whenever  "  we  examine 
the  works  of  the  Deitt  at  a  proper  point  of  distance^ 
!so  as  to  take  in  the  whole  of  hi:s  design,  ivc  see  no- 
thing but  uniformity,  beauty,  and  precitsicai."  Thui^ 
•the  heavens  present  us  with  a  plan,  which,  though 
inexpressibly  magnificent,  is  yet  regular  beyond  the 
power  of  invention ;  and  the  volume  of  the  universe' 
will  be  found  to  be  as  perfect  as  its  Author,  con- 
taining mines  of  truth  for  ever  opening,  fountains 
of  good  for  ever  flowing,  an  endless  succession  of 
bright  and  still  brighter  exhibitions  of  the  glorious 
Godhead,  answering  to  die  nature  and  idea  of  infinite 
fulness  and  perfection. 
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tit  Tlt£  PHEKOMEVA   OF  THE   HEAVENS^     AS   SEEl^ 

FROM  THE   EARTH4 

The  various  appeai^hCes  of  the  celestial  bodies  as 
seen  from  the  earth,  are  the  facts  which  lay  the 
foundation  of  all  astronomical  knowledge.  To  ac- 
count  for,  and  explain  them,  is  its  principal  business ; 
a^true  idea  of  these  phenomena  is  therefore  a  neces- 
saYy  step  to  a  knowledge  of  astronomy*  Let  us  there- 
fore suppose  ourselves  in  the  open  air>  contemplating 
the  appearances  that  occur  in  the  heavens. 


OF   THE   APPARENT   M0tI0*f   Ot  THE   SUK. 

The  first  and  most  obvious  phenomenon-  is  the 
.daily  rising  of  the  sun  in  the  east^  and  his  setting  in 
the  west ;  after ' which  the  moon  and  stars  appear 
ttill  keeping,  the  same  westerly  course,  till  we  lose 
sight  of  them  altogether.  These  appearances  give 
rise  to  what  is  called  the  apparent  diurnal  motion  of 
the  heavens. 

This  cannot  be  long  observed,  before  we  must 
also  perceive,  that  the  sun  does  not  always  rise  ex- 
actly at  the  same  poitit  of  the  heavens,  his  motiQns 
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deviating  considerably  at  particulaif  seasons  from 
those  they  perform  at  other  times.  Sometimes  We 
perceiye  him  very  high  in  the  heavens/as  if  he  would 
come  directly  over  our  heads;  at  other  times  he  is 
almost  sunk  in  the  southern  part  of  the  heavens.  If 
we  commence  our  observations  of  the  sun^for  instance^, 
in  the  beginning  of  March,  we  shall  find  him.ap-* 
pear  to  rise  more  to  the  northward  every  day,  to 
continue  longer  over  the  horizon,  to  be  more  vertical^ 
or  higher,  at  mid-day;  this  continues  till  towards 
the  end  of  June,  when  he  moves  backward  in  the 
same  manner,  and  continues  this  retrograde  motion 
till  near  the  end  of  December,  when  he  begins  to* 
move  forwards,  and  so  on.  > 

It  is  this  change  in  the  sun's  place  that  occasions 
him  to  rise  and  set  in  the  difierent  parts  of  the  hori- 
zon, at  different  times  of  the  yean  It  is  from  hence 
that  his  height  is  so  much  greater  in  summer,  than 
in  winter.  In  a  word,  the  change  of  the  sun's  place 
in  the  heavens  is  the  cause  of  the  different  lengths 
in  the  days  and  nights,  and  the  vicissitudes  of  the 
seasons. 

As  the  knowledge  of  the  sun's  apparent  motion  is 
of  great  importance,  and  a  proper  conception  of  it 
absolutely  necessary,  in  order  to  form  a  true  idea  of 
the  phenomena  of  the  heavens  the  reader  will  ex- 
cuse my  dwelling  something  longer  upon  it.  If  on 
an'evening  we  take  notice  of  some  fixed  star  near 
the  place  where  the  sun  sets,  and  observe  it  for  se- 
teral  successive  evenings,  we  shall  find  that  it  ap- 
proaches the  sun  from  day  to  day,  till  at  last  it  will 
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disappear^  being  effaced  by  his  lights  though  but  « 
few  days  befctre  it  was  at  a  sufficient  distance  fronr 
him.  That  it  is  the  sun  which  approaches  the  stars^ 
and  not  the  stars  the  sun^  is  plaiu^  for  thi»  reason:, 
the  "stars  always  rise  and  set  every  day  at  the  same 
points  of,  the  horizoh^  opposite  to  the  same  terrestrial 
objects^  and  are  always  at  the  same  distance,  from 
each  other;  whereas  the  sun  is  continu^tUy  changing 
both  the  place  of  its  rising  and  setting,  and  its  dis-* 
tance  from  the  stars. 

The  sun  advances  nearly  one  degree  every  day,, 
moving  from  west  to  east ;  so  that  in  365  days  we 
see  the  same  star  near  the  setting  sun,  as  was  ob- 
served to  be  near  him  on  the  same  day  in  the  pre- 
ceding year.  In  other  words,  the  sun  has  returned 
to  the  place  from  whence  he  set  out,  or  made  what 
we  call  his  annual  revolution. 

We  cannot  indeed  observe  the  sun's  motion  among 
the  fixed  stars^  because,  he  darkens  the  heavens  by  his 
splendour^  and  effaces  the  feeble  li^t  of  those  stata 
that  are  in  his  neighbourhood ;  but  we  can  observe 
the  instant  of  his  coming  to  the  meridian  altitude; 
we  can  also  compute  what  part  of  the  starry  heaven 
comes  to  the  same  meridian^  at  the  same  time^ 
and  with  the  same  altitude.  The  siun  must  be  at 
that  point  of  the  starry  heavens  thus  discovered.  Or 
we  cai>  observe  that  point  in  the  heavens,  which 
comes  to  the  meridian  at  midnight,  with  a  declination 
as  far  from  the  equator  on  one  side,  as  the  sun's  is  on 
the  other  side ;  and  it  is  evident,  the  sun  must  be  ia 
that  part  of  the  heavens,  which  is  diametrically  op^ 
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posite  to  this  point.  By  either  of  these  methods  we 
can  ascertain  a  series  of  points  in  the  heavens* 
through  which  the  sun  passes^  forming  a  circle  called 
the  ecUptic.^ 


OF   THE   APPARENT   PHENOMENA   O^F  THE   MOON. 

The  motion  of  the  moon  through  the  heavens, 
and  her  appearance  therein,  are  still  more  remarkable 
than  those  of  the  sun ;  she  engages  the  attention 
*'  by  the  nightly  changes  in  her  circling  orb".  At 
the  new  moon^  or  when  she  first  becomes  visible,  she 
is  seen  in  the  western  part  of  the  heavens,  at  no  great 
distance  from  the  sun.  She  increases  every  night 
^n  size,  and  removes  to  a  greater  distance  from  the 
sun,  tin  at  last  she  appears,  in  thfe  eastern  part  of  the 
horizon,  when  the  sun  is  disappearing  ui  the  western; 
she  then  appears  with  a  full  round  face,  and  we  say 
it  is\full  moon.  After  this,  she  gradually  removes 
further  and  further  eastward,  till  at  last  she  seems  to 
approach  the  sun  as  nearly  in  the  east  as  she  did 
before  in  the  west,  and  rises  a  little  before  him  in 
the  morning;  whereas  in  the  first  part  of  her  course 
she  sets  in  the  west,  long.after  him.  AH  these  dif- 
ferent appearances  happen  in  the  space  of  a  month, 
after  which  they  re-commence  in  the  same  manner; 
*'  sometimes  half-restoring  day  with  her  waxing 
brightness;  sometimes  waning  into  dimness^  apd 
scarcely  scattering  the  nocturnal  gloom." 


*  The  conformity  of  this  definition  of  the  •cliptic,  ivith  that 
#?eii  in  pag«  13,  irill  be  seen  hereafter. 
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There  is  sometimes  an  irregularity  in  these  appear- 
ances^  particularly  in  harvest-time,  when  the  moon 
appears  for  several  days  to  be  stationary  in  the  hea-' 
vens,  and  to  preserve  nearly  the  same  distance  from 
the  siyi ;  in  consequence  of  which,  she  rises  at  that 
season  of  the  year  nearly  at  the  same  hour  for  several 
nights. 


OF  THE    APPARENT   MOTION   OF   THE    STARS. 

In  contemplating  the  Stars,  it  is  observed  that 
some  among  them  have  the  singular  property  of 
neither  rising  in  the  east,  nor  setting  in  the  west; 
but  seem  to  tiirn  round  one  immoveable  point,  near 
which  is  placed  a  single  star,  called  the  pole,  or 
polar  star. 

This  point  is  more  or  less  elevated,  according  to 
the  part  of  the  earth  from  which  it  is  viewed,  ThuR 
to  the  inhabitants  of  Lapland  it  is  much  more  yer-* 

tical,  or  elevated  above  the  horizon,  than  with  us: 

,    '  1.        ■ 

we  see  it  mbre  elevated  than  the  inhabitants  of  Spain: 
and  these  again  see  it  more  elevated  than  those  of 
Barbary.  By  continually  travelHng  southward,  we 
should  at  last  see  the  pole  star  depressed  to  the  hori- 
zon, and  the  other  pole  would  appear  in  the  south 
part  of  the  horizon,  round  which  the  stars  in  that 
part  would  revolve.  There  is,  however,  no  star  in, 
the  southern  hemisphere  so  near  the  pole  as  that  in 
the  northern  hemisphere.  Supposing  us  still  to  tra- 
vel southward,  the  north  pole  would  entirely  dis- 
appear, and  the  whole  hemisphere  would  seem  t^ 
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tiim  round  a  single  point  in  the  southy  9^  the  nor- 
thern hemisphere  appears  to  turn  round  the  polar 
star. 

The  general  appearance,  therefore,  of  the  stany 
heaven  is  that  x>f  a  vast  concave  sphere  turning  round 
two  fixed  points  (diametricallyopposite  to  ecich  other, 
the  one  in  the;  north,  tlie  other  .  in  the  south)  once 
in  twenty-four  hours. 

Hedce  it  is  that  the  stars,  though  they  keep  the 
4same  r^ative  places,  with  respect  to  each  other,  yet 
change  their  situation  very  sensibly  with  respect  to 
the  horizon  vspme  rising  above,  others  descending 
below  it;  some  that  were  invisible^  no^  becoming 
visible ;  while,  on  the  otlier  hand,  many  are  disap- 
pearing. Some  never .  descend  below  the  horizon ; 
although^  as  they  turn  round,  they  are  sometimes 
nearer  to,  at  others,  further  froih  it,  describing  whole 
.circles  about  a  point  above  it.  If  the  observer  turns 
himself  round,  he  will  find  some  stitr^  rise  only  as 
it  were  to  .set  a^in;  many  describing  small  arci^ 
iuid  others  larger  ones. 


THE    APPEARANCES    OF   THE    PLANETS. 

Besides  the  fixed  stars,  there  are  other  bodies  iti 
the  heavens,  which  are  continually  changing  their 
places,  both  with  respect  to  the  stars,  and  one  ano* 
ther;  these  are  called  ^fa«^,9.  Tliey  move  among 
the  signs-  of  the  zodiac,  nfcver  departing  far  from  th« 
ecliptic.  .Their  Apparent  motion  is  very  lir^ular, 
confused,  and  perplexed ;  sometimes  they  appear  as 
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•  going  forwards^  sometimes  backwards^  and  at  others 
are  stationary. 

Mercury  emits  a  bright  white  lights  but  keeps  so 
near  the  sun,  and  is  so  small,  that  he  is  very  seldom 
visible;  and  when  he  does  make  his  c^pearance,  his 
motion  towards  the  sun  is  so  swift,  that  he  can  only 
be  discerned  for  a  short  time.  He  appears  a  little 
after  sun-set,  and  again  a  little  before  8un*-rise. 

yenus  is  the  most  beautiftil  star  in  the  heavensj^ 
known  by  the  names  of  the  morning  ai)d  evening  star. 
She  also,  like  Mercury,  keeps  near  the  sun,  though 
jihe  recedes  from  him  much  further,  and,  like  him, 
is  never  seen  in  the  eastern  quarter  of  the  heavens 
when  the  sun  is  in  the  western ;  but  always  either 
attends  him  in  the  evening,  or  gives  notice  of  his 
approach  in  the  mopiing. 

Mars  is  of  a  red  fiery  colour,  giving  a  much  dul- 
ler light  than  Venus,  though  he  sometimes  appears 
almost  equal  to  her  in  size.  He  is  not  subject^^ito 
the  same  limitations  in  his  motions  as  Venus  and 
Mercury,  but  appears  sometimes  verjruear  the  sun, 
at  others  at  a  greater  distance  from  him,  rising  when 
the  sun  sets,  or  setting  when  he  rises. 

Jupiter  and  Saturn  likewise  often  appear  at  great 
distances  from  the  sun.  The  former  shines  with  a 
bright  light,  the  latter  with  a  pale  faint  one.  The 
motion  of  Saturn  amc^ng  the  fixed  stars  is  so  slow^ 
that  unless  careftiUy  observed,  and  that  fdr  CK>]Bif 
time,  he  will  not  be  thought  to  move  at  all. 

The  Georgium  Sidus  is  the  planet  discovered  by 
J)r»  Herscheh    It  is  reckoned  to  be  twice  the  dis* 
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tance  of  Saturn  from  the  sun,  but  ^naot  be  readily 
perceived  witfiotit  the  assistance  of  a  telescope. 

From  the  preceding  observations,  any  person  may 
"esisily  learn  to  distinguish  all  the  planets.  For  if 
after  san-set  he  sees  a  planet  nearer  the  east  than  this 
west,  he  may  conclude  that  it  is  neither  Mercuify 
nor  Venus ;  and  may  determine  wliether  it  be  Saturn^ 
Jupiter,  or  Mars,  by  the  colour  and  light;  ly 
which,  also,  he  may  distinguish  between  Venus  and 
.Mercury. 

That  the  light  of  each  planet  has  its  peculiar  tinge; 
imd  that  there  are  certain  fixed  stars  that  havi^  "the 
same  teints,  was  known  to  the  Chaldaeans.  It  is  an 
obseryaition  best  verified  in  those  countries,  where 
the  air  is  the  clearest. 

Besides  the  'motions  which  we  observe  in  all  the 
planets,  their  apparent  magnitudes  are  very  different 
at  different  times.  £very  one  must  have  observed 
that  Venus,  though  she  constantly  appears  with  great 
splendour,  is  not  always  of  the  same  size :  but  this 
difference  of  magnitude  is  most  conspicuous  in  Mars, 
it  is  remarkable  in  Jupiter,  but  less  so  in  Saturn 
and  Mercury. 

The  only  phenomena  visible  to  the  unassisted 
sight,  besides  those  already  described,  are  those  un- 
expected obscurations  of  the  sun  and  moon,  caQed 
eclipses,  *  of  which  we  shall  hereafter  speak  more 
particularly. 

*  To  these  certainly  may  be  added  comets,  of  which,  a  yety 
remarkable  one'exhibited  in  the  Autumn  cd  1807,  his  striking  figura 
and  majestic  course  la  our  northern  hemisphere. — ^Epit. 
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I  have  now  described  those  appearances^  which  are 
the  most  striking  to  every  person  who  has  paid  the 
least  attention  to  what  is  passing  over  his  head.  The 
tutor  would  do  well  in  his  place^  firsts  to  bring  his 
pupil  acquainted  with  the  appearances  themselves^ 
and  then  explain  them  to  him  by  the  globe^  or  some 
other  instrument.  It  would  not  be  amiss^  if  he  w^e 
now  to  instruct  him  by  practical  observations,  and 
'shew  him^  by  a  small  quadrant^  how  to  measure  the 
elevation  of  the  stars^  &c.  always  remembering  that 
young  minds  are  ever  active  in  search  of  impressions 
from  external  objects;  and  that  these  are  more  per- 
manent than  those  made  by  words;  in  die  former^ 
liie  mind  energizes^  and  is  brought  into  action;  in  the 
latter^  it  is  in  a'great  degree  passive* 
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PART  III. 


OF  THE   COPSKNICAN   OR   SOhAR   SYKTGM,   . 

After  having  stated  what  would  be  the  appearances 
of  the  heavenly  bodies^  if  we  were  placed  at  the  cen- 
tre of  the  system,  and  then  givpn  a  general  view  of 
.their  phenomena,  as  seen  from  the  earth ;  it  will  now 
be  proper  to  shew  how  the  irregularities  that  a«e  dis- 
covered in  one  situation  are  to  be  reconciled  with  the 
.      ■    >  •  •      • 

harmony  and  order .  that  would  be  visible  if  thqr 
were  to  be  seen  from  the  other ;  or,  in  other  words^ 
to  shew  why  the  nu)tions  of  the  {Janets  appear  to 
us  so  different  from  what  they  really  are. 

One  of  the  ends  for  which  man  was  formed^  is  to 
correct  appearances  and  erroi^  by  tbe  investigation 
of  truth;  whoever  considers  }iim  atte|itively,  frcm 
infancy  to  manhood^  and  from  manhood  to  old  age^ 
will  find  him  ^vesr  bwy  in  endeavouring  to  find, some 
reality^  to  supply  the  place  of  tiae  false  appda^aiicei^ 
by  which  he  l^s  hitliei1:o  been  deceived.  ,. 

It  is  the  business  of  the  present  part  of  this  Essay 
to  correct  the  errors  arising  from  appeamnces,  and 
to  point  out  truth  by  a  brief  detail  of  the  principal 
parts  of  the  Copemican  system,  which  is  now  um- 
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versally  received,  because  it  rationally  accounts  for 
and  accords  with  the  phenomena  of  the  heavens. 

"  At  the  appointed  time,  when  it  pleased  the  Su- 
preme Dispenser  of  every  good  gift  to  restore  light 
to  a  bewildered  world,  and  more  particularly  to  ma- 
nifest his  wisdom  in  the  simplicity,  as  well  as  in  the 
grandeur  of  his  works,  he  opened  the  glorious  scene 
with  a  revival  of  sound  astronomy;"*  and  raised  up 
Copernicus  to  dispel  the  darkness  in  which  it  was 
then  involved. 

TTie  Gbpemican  system  consists  of  the  sun,  seven 
primary,  fourteen  secondary  planets,  and  the  comets. 

Hie  seven  planats.  Mercury,  -Venus,  the  Earth, 
Mars,  Jupiter,  Saturn,  and  the  Geoipum'  Sidus, 
'  move  round  the  sun,'f'  in  orbits  included  one  within 
the  other^  and  in  the  order  here  used  in  mentioning 
their  names,  Merciuy  being  that  which  is  nearest 
the  sun. 

Hie  seven  which  revolve  round  the  sun  as  their 
centre,  are  called  priniart/  planets. 

The  fourteen  planets,  which  revolve  round  the 
primary  ones  as  a  centre,  and  are  at  the  same  time, 
tarried  round  the  sun  with  them,  are  called  secondary 
planets,  moons,  or  satellites.   ^ 

The  G^Tgium  Sidus  is  attended  by  two  moons, 
Saturn  by  seven,  Jupiter  by  four,  and  the  Earth  by 
#ne;  all  of  these,  excepting^  the  last,  are  invisible  to 

.    *  Pringle^s  Six  Discourses  to  tiie  Royal  Society. 
.    ^  The  Sim  is  upt  absolutely  at  rest,  being  subject  to  a  small 
degree  of  moUoD,  which  is  considered  ijB^  larger  works  on  Astro- 
»omy.  , 
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the  naked  eye,  on  account  of  the  smallness  of  their 
size,  and  the  greatness  of  their  distance  from  jiis. 

Mercury  and  Venus,,  being  within  the  Earth's 
orbit^  zxe  cidi\[Gd  inferior  planets  \  but  Mars,  Jupiter, 
Saturn,  and  the  Georgium  Sidus,  being  without  it, 
are  called  superior  planets. 

The  orbits  of  all  the  planets  are  elliptical ;  but  as 
the  principal  phenomena  of  the  Copemican  system 
.may  be  satisfactorily  illustrated,  by  considering  them 
as  circular,  the  latter  supposition  is  usually  adopted 
in  giving  a  general  idea  of  the  disposition  and  motioh 
of  the  heavenly  bodies. 

Before  we  enter  into  a  description  of  the  solar  sy- 
tem,  it  may  be  necessary  to  define  whs^t  is  meant  by 
the  axii^  of  a  planet;  lest  the  pupil  should  conceive 
them  to  turn  on  such  material  axes,  as  are  used  in 
the  machines  which  are  contrived  to  represent  the 
planetary  system. 

The  axis  of  a  planet  is  aline  conceived  to  be  drawn 
through  its  centre,  and  about  which  it  is  conceived 
to  turn  in  the  course  of  its  revolution  round  the  sun ; 
the  extremities  of  this  line  terminate  in  opposite 
points  of  the  surface  of  the  planet,  and  are  called  its 
poles;  that  whibh  points  towards  the  northern  part 
9f  the  heavens,  is  called  the  north  pole;  that  which 
points  towards  the  southern,  the  south  pole.  A  ball 
whirled  from  the  hand  into  tiie  open  air,  turns  round 
upon  a  line  within  itself,  while  it  is  moving  forward; 
such  a  line  as  this  is  meant,  when  we  speak  of  the 
axis  of  a  planet. 


as  mw   THE   SUN. 

Fig.  ly^plafe  1 , repi-e^eiits  the  solar  system,  wherein 
O  denotes  the  sun ;  AB,  the  circle  which  the  nearest 
:plaiptet^  Mercury,  describes  in  movinig  round  it ;  CD, 
that iix  which  Veilus  moves;  FG,  the  orbit  of  the 
,earth;  HK,  that  of  Mars;  IN,  that  of  Jupiter;  OP, 
that  of  Saturn;  and  QR,  that  of  the  Georgium  Sidus. 
Beyond  this  are  the  starry  heavens. 

llie  sun  and  the  planets  are  sometimes  expressed 

by  marks  or  characters,  instead  of  writing  their  names 

at  length.    The  characters  are  as  follow :  ©  the  Sun, 

5    Mercury,    9    Venus,    ©   the  Earth,  (^  Mars, 

Tl  Jupiter,  J^  Saturn,  ]g[  Georgium  Sidus, 


OF   THE   SUN, 

The  sun  is  the  centre  of  the  system,  round  which 
the  rest  of  the  planets  revolve.  It  is  the  first  and 
greatest  object  of  astronomical  Tcnowledge,  and  is 
afone  enough  to  stampa  vatlue  on  the  science  to  which 
it  bdong^.  TTie  Sun  is  the  parent  of  the  seasons ; 
day  arid  night,  summer  and  winter,  are  among  its 
Jjurprizing  effects.  All  the  vegetable  creation  are 
the  offspring  of  his  bearifis ;  our  own  lives  are  support- 
ed by  its  influence.  Nature  revives,  and  puts  on  a 
new  face,  when  it  approaches  nearer  to  us  in  spring; 
and  sinks  into  a  temporary  death  at  his  departure 
from  us  in  winter. 

Hence  the  Sun  was  with  propriety  called  by  thto 
ancients  oar  coili^  the  Ineart  of  heaven;  for,  as  the 
heart  is  the  heart  of  the  animal  system,  so  is  thfe 
Sim  the  centre  of  our  universe.    As  the  heart  is  the 
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fbuntain  of  the  bloody  and  the  centre  of  heat  and> 
Qiotion;  so  is  the  San  the  life  and  heat  of  the  world, 
and  the  first  mover  of  the  mundane  syst^n.  When 
the  heart  ceases  to  beat,  the  circuit  of  life  is  at  an 
end ;  and  if  the  Sun  should  cease  to  act,  a  total 
stagnation  would  take  place  throughout  the  whole 
frame  of  nature. 

The  Sun  is  placed  near  the  centre  of.  the  orbits  of 
all  the  planets,  and  turns  round  his  axis  in  25^  days. 
His  apparent  diameter,  at  a  mean  distance  from  the 
earth,  is  about  32  minutes  12  seconds. 

Those  who  are  not  accustomed  to  astronomical 
calculation,  will  be  surprized  at  the  real  magnitude 
of  this  luminary;  which  on  account  of  its  distance 
from  us,  appears  to  the  eye  not  much  larger  than 
the  moon,  which  is  only  aii  attendant  on  our  earth. 
When  looking  at  the  Sun,  they  are  viewing  a  globe, 
whose  diameter  is  890,000  English  miles;  whereas 
the  earth  is  not  more  in  diameter  than  797^  miles : 
SO  that  the  Sun  is  about  1,392,500  times  bigger  than 
the  earth.  Thus,  as  it  is  the  fountain  of  light  and 
heat  to  all  the  planets,  so  it  also  far  surpasses  them 
in  its  bulk. 

If  the  Sun  were  every  where  equally  bright,  his 
rotation  on  his  axis  would  not  be  perceptible;  but 
by  means  of  the  spots  which  are  visible  on  his  pure 
and  lucid  surface,  we  are'  enabled  to  discover  this 
motion^ 

When  a  spherical,  body  is  near  enough  to  appear 
of  its  true  figure,  this  appearance  is  owing  to  the 
fhading  upoa  the  different  parts  of  its  surface;  for 
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as  a  flat  circular  piece  of  h69xd,  when  it  is  property 
shaded  by  paintings  will  look  like  a  spherical  body; 
so  a  spherical  body  appears  of  its  true  shape,  for  the 
same  reason  that  the  plane  board,  in  the  present  in-" 
stance,  appears  sph^caL  But  if  the  sphere  be  at  a 
great  distance,  this  difTerence  of  shading  cannot  be 
discerned  by  the  eye,  and  consequently  the  sphere 
will  no  longer  appear  of  its  true  shape ;  the  shading 
is  then  lost;  and  it  seems  like  a  flat  circle. 

It  is  thus  with  the  Sun;  it  appears  to  us  like  a 
bright  flat  circle,  which  flat  circle  is  termed  the 
suns  disc.  By  the  assistance  of  telescopes,  dark 
spots  have  been  observed  on  this  disc,  and  found  to, 
have  a  motion  from  east  to  west;  their  velocity  is 
greater  when  they  are  at  the  centre,  than  when  they 
are  near  the  limb.  They  are  seen  first  on  the  east- 
em  extremity,  by  degrees  they  c'ome  forwards  to- 
wards the  middle,  and  so  pass  on  till  they  reach , 
the  western  edge;  they  then  disappear;  and  after 
they  have  lain  hid  about  the  same  tim^  that  they  con- 
tinued visible,  they  appear  again  as  at  first*  By  thir 
z^otion  we  discover  not  only  the  time  the  sun  em- 
ploys in  turning  round  his  axis,  but  also  the  inclina- 
tion of  hii^  axis  to  the  plane  of  the  ecliptic* 

♦  The  youngobseryermay  Tiew  the  spots  of  the  sun  with  a  re-  . 
fracting  telescope  of  two  or  three  feet,  or  a  reflecting  one  of  152 
inches,  18  in<;hes,  or  two  feet,  taking  care  to  guard  the  eye  with 
a  dark  glass,  to  take  off  the  glaring  light;  or  the  image  or  pie* 
t^re  of  the  sun,  with  his  spots,  may  be  thrown  into  a  dark  rooni^ 
through  a  telescope,  and  rccci?ed  upon  a  piece  of  paper  placed 
flioarer  or  further  frpm  the  glass  at  pleasure^ 
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The  page  of  history  informs  us,  that  there  have 
been  periods,  when  the  sun  has  wanted  of  its  ac- 
customed  brightness,  shone  with  a  dim  and  obscure 
light  for  the  space  of  a  whole  year.  This  obscurity 
has  been  supposed  to  arise  from  his  surface  being  at 
those  times  covered  with  spots.  Spots  have  been 
seen  that  were  much  larger  than*the  earth. 

The  sun  is  supposed  to  have  an  atmosphere,  which 
occasions  that  appearance  which  is  termed  the  jsodfi- 
cal  light.  This  light  is  seen  at  some  seasons  of  the 
year,  either  a  little  after  sun-set,  or  a  Uttle  before 
sun-rise.  It  is  faintly  bright,  and  of  a  whitish  co- 
lour, resembling  the  milky  way.  In  the  morning 
it  becomes  brighter  and  larger,  as  it  rises  above  the 
horizon,  till  the  approach  of  day,  which  diminishes 
its  splendor,  and  renders  it  at  last  invisible.  Its 
figure  is  that  of  a  flat  or  lenticular  spheroid,  seen  in 
profile.  The  direction  of  its  longer  axis  coincides 
with  the  plane  of  the  sun's  ^uator.  But  its  length 
is  subject  to  great  variation,  so  that  the  distance  of 
its  summit  from  the  sun,  varies  from  45  to  1 30  de« 
grees.  It  is  seen  to  the  best  advantage  about  the 
solstices.  It  was  first  described  and  named  by  CoJssmi, 
in  l683;  it  was  noticed  by  Mr.  CUldrej/,  about  the 
year  ifiSO. 
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#F    ^B     INFERIOR     PLANETS,      MERCURY    AND 

VENUS. 


OF   MERCURY.     $ 

Of  all  the  planets,  Mercury  is  the  least;  at  the 
same  time,  it  irs  that  which  is  nearest  the  sun.  It  is 
from  his  proximity  to  this  globe  of  light,  that  he  is 
so  seldom  within  the  sphere  of  our  observation,  being 
lost  in  the  splendor  of  the  solar  brightness  ;  yet 
it  ^nits  a  very  bright  white  light.  It  is  oftener  seen 
in  those  parts  of  the  •  world,  which  are  more  south- 
ward than  that  which  we  inhabit;  and  oftener  to  us 
than  to  those  who  Jive  nearer  the  north  pole ;  for  the 
more  oblique  the  sphere  is,  the  less  is  the  planet's 
elevaticm  above  the  horizon. 

Mercury  never  removes  but  a  few  degrees  from  the 
sun.  The  measure  of  a  planet's  separation,  or  dis- 
tance^ from  the  sun,  and  is  called  its  elongation. 
His  greatest  elongation  is  never  mo  re  than  28  degrees, 
or  about  as  far  as  the  moop  appears  to  be  from  the 
sun,  tihie  second  day  after  new  moon.  In  some  of  its 
revolutions,  the  elongation  is  not  more  than'  18  de- 
grees. 

Mercury  is  computed  to  be  37  millions  of  miles 
from  the  sun,  and  to  revolve  i-ound  him  in  87  dajrs, 
23  hours,  and  nearly  l6  minutes,  which  is  tl  e  mea- 
sure of  its  year,  about  one  fourth  of  our's.  As  from 
the  nearness  of  this  planet  to  the  sun,  we  neither 
know' the  time  it  revolves  round  its  axis,  nor  the  in- 
clinatiooL  Qjf  that  axi^i  to  the  plane  of  its  orbit,  we 
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%re  necessarily  ignorant  of  the  length  of  its  day  and 
night,  or  the  variety  of  seasons  it  mayl)e  Uable  to. 
Mercniy  is  3000  miles  in  diameter.  Large  as  Mer- 
cury, when  thus  considered,  appears  to  be,  it  it  but 
an  atom  when  compared  with  Jupiter,  whose  dia- 
meter is  90,000  miles.  Its  apparent  diameter,  at  a 
mean  distance  frbm  the  earth,  is  SO  seconds. 

Mercury  is^  supposed  to  move  at  the  rate  pf 
1 10,680  miles  per  hour.  The  sun  is  above  26,000,000 
times  as  big  as^Mercury ;  so  that  it  would  appear  to 
the  inhabitants  of  Mercury  nearly  three  times  lai^r 
than  it  does  to  us ;  and  its  disc,  or  face,  about  seven 
times  the  size  we  see  it.  As  the  other  five  planets 
are  above  Mercury,  their  phenomena  will  be  nearly 
tiie  same  to  it  as  to  u$.  Venus  and  the  earth,  when 
in'opposition  to  the  sun,  will  shine  with  full  orbs, 
and  aflSx-d  a  brilliant  appearance  to  the  Mercurian 
spectator. 

Mercury,  like  the  moon,  changes  its  phases,  ac-. 

.  cording  to  ,its  several  positions  with  respect  to  the 

sun  and  iearth.     He  never  appears  quite  round  or 

full  to  us,   becaaise  Vjiis  enlightened  side  is  never 

turned  directly  tov^rards  us,  except  when  he  is  so 

near  the  sun  as  to  become  invisible.    The  times  for 

making  the  most  &vourable  observations  on  this 

planet  are,  wben  it  passes. before  the  sun,  and  is  seen 

traversing  his  disc  in  the  form  of  a  black  spot:  this 

passage  of  a  planet  over  the  fiaice  of  the  sun  is  called 

a  transit.   .  it  happens  in  its  lower  conjunction,  at  a 

particular  sitjuation  of  the  nodes ;  which  l^ds  u$  to 

mention  their  place  in  the  ecliptic. 
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The  ^angle  formed  by  the  inclination  of  the  orbit 
of  Mercury  with  the  plane  of  the  ecliptic,  is  !&" 
59';.  the  node  from  which  Mercuiy  ascends  north- 
ward, above  the  plane  of  the  ecliptic,  is  .16  1'  30-; 
in  Taurus,  the  opposite  oiie,  14°  1  24";  in  Sagitta* 
rius,  its  nodes  move  forward  about  50"  per  year. 

If  Mercury,  at  his  inferior  oonjunction,  comes 
to  either  of  his  nodes  about  these  times,  he  will  ap- 
pear to  transit  over  the  disc  of  the  sun.  But  in  all 
other  parts  of  his  orbit  his  conjunctions  are  invisiblei 
because  he  either  c^oes  above  or  below  the  sun. 


OF  VENUS.        V  . 

Venus  is  the  brightest  and  largest,  -  to  appearance^ 
€»f  all  the  planets,  distinguished  from  them  afl  by  a 
superiority  of  lustre;  her  l^t'is  of  a  white  colour,- 
and  so  considerable,  that  in  a  dusky  place  she  pro- 
jects a  sensible  shade. 

The  diameter  of  Venus  iff  7,699  miles;  her  dis-* 
tan(ie  from  the  sun  is  69,500,000  miles;  she  goed 
round  the  sun  in  2S4  days,  16  hours,  49  minutes^ 
moving  at  the  rate  of  80,995  miles,  per  hour.  Hef 
motion  round  her  axis  has  been  flxedby  seme  at  23 
hours,  22  minutes;  by  others,  at  above  24  days. 
Sh.e^  like  Mercury,  constantly  attends  the  8un>  neveif 
departing  from  him  above  47  or  48  degreess.  Like 
Mercury,  she  is  never  seen  at  midnight,  or  in  oppo-^ 
sition  to  tlu^  sun,  being  visible  only  for  three  or  four 
hours  in  the  morning  or  evening,  accordii^  as  shq 
1$  before  or  after  the  sun. 
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•  One  would  not  imagine  that  this  planet^  which 
appears  so  much  superior  to  Saturn-  in  the  heavens^ 
is  so  inconsiderable  when  compared  to  it ;  for  the 
diameter  of  Saturn  is  nearly  78,000  miles;  while, 
on  the  other  hand,  one  would  scarce  imagine  that 
Venus,  which  appears  but  as  a  lucid  spangle  in  the 
heavens,  was  so  large  a  globe  as  she  truly  is ;  her 
diameter  being  7,699^  miles.  It  is  the  distance  which 
produces  these- effects;  which  gives  and  takes  aWay 
the  magnitude  of  things.  Her  apparent  size  rarves 
with  her  distance;  at  some  seasons  she  appears' near 
32  times  larger  than  at  others. 

When  this  planet  is  in  that  part  of  its  orbit  which 
is  west  of  the  sun,  that  is,  from  her  inferior  to  her 
superior  conjunction,  she  rises  before  him  in  the 
.morning,  and  is  call^  phosphorus  or  Itmpher^  or  the 
morning  star.  When  she  appears  east  of  the  sun,  that 
is,  from  her  superior  to  her  inferior  conjunction,  she 
sets  in  the  evening  aftet  him;  or,  in  other  words, 
shines  in  the  evening  after  he  «ets,  and  is  called 
hesperus  or  vesper,  or  the  evening  star. 

The  inhabitants  of  Venus  see  the  planet  Mercury 
always  accompanying  the  suri;  and  he  is  to  IJiem,  by 
turns,  an  evening  or  a  momihg  star,  as  Venus  is  to 
us.  To  the  same  inhabitants,  the ''  sun  wHl  appear 
almost  twice  as  large  as  he  does  to  us. 

Venus,  when  viewed  through '  a  telescope,  is  sel- 
dom seen  to  shine  with  afulKiace;  bitf  has  phases, 
just. like  thfe  tnoon,  from  the  fipie  thin  crescent  to. 
^le  etilightfetfed  hemisphere.     Her  illuminated  part 
is  constarttly  turned  towardk  the  sun;    \tst\a^  its 
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horns  ar^  turned  towards  the  east  when  it  is  a  moni>- 
ing  star,  and  towards  the  west  when  it  is  an  even- 
ing star.  Some  astronomers  have  thought  they  per*^ 
ceived  a  satellite  moving  round  Venus;  but,  as  suc- 
ceeding observers  have  not  been  able  to  verify  their 
observations,  they  ane  supposed  to  have  originated' 
in  error.  In.  observing  the  transit  of  Venus,  Mr. 
DunUf  and  other  gentlemen,  saw  a  penumbra  which . 
took  place  about  five  ^conds  before  the  contact, 
preceding  the  egress  of  the  planet;  '^and  from  thence 
they,  concluded,  that  it  had  an  atmosphere  pf  about 
50  geographical  miles  in  height. 

We  are  told,  that  when  Copernicus  first  published 
his  account  of  the  solar  system,  it  was  objected  ta 
him  that  it  could  not  be  true ;  because,  if  it  was,, 
the  inferior  planets  must  have  different  phases,  ac*^ 
cording  to  their  different  situation  with  respect  t^ 
the  sun  and  earth  ^  wh^Bseas  they  always  appear  round 
to  us.  The  answer  said  to  be  made  by  him  is,  that 
^e^jK appear  round  to. the  eye  by  reason  of  their  dis- 
tance; but,  if  we  co\ild  have  a  nearer,  or  more  dis- 
tinct  view  of  them,  we  should  see  in  them  the  same 
ph^sps  as  we  do  in  the  moon.  The  invention  of 
telescopes  is  said  to  h^ve  verified  this  prediction  of 
Copernicus,  Bat  it  is  neither  probable  that  a  de- 
fender of  the  Ptolemaic  system  should  make  such, 
an  objection,  or  CbpernicHs  such  an  answer ;  since, 
in  the  Ftolem^c,  as  weH  as  in  the  Copfsmican  sysr 
tern,  the  shape  of  these  planets  ought  to  change  just 
as  th^ .  moon  dc^es  j  ;consequekitlyi  thp  mere  change 
•f  sh^pe  in  the  inferior  planets  is  an  s^rgument  which, 
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in  the  common  way  of  urging  it,  proves  nothing  at 
all  as  to  the  truth  or  falsehood  of  the  Gopernican  sys- 
tem. If,  besides  the  changes*  of  shape  made  in  the 
inferior  planets,  we  consider  the  situation  of  the 
planets  with  respect  to  the  son,  when  these  changes 
happen,  this,  indeed,  will  shew  us  tliat  the  Ptole- 
fliaic  system  is  false  *;  as  will  be  seen  in  a  subsequent 
part  of  these  Essays. 

Venus  is  sometimes  seen  passing  over  the  disc  of 
the  sun,  as  a  round  dark  spot.  These  appearances, 
which  are  called  ^r«nA7V*,  happen  very  seldom;  though 
ifhere  have  been  two  within  these  few  years,  the  one 
in  June  1761,  the  other  in  June  1769;  the  next 
«rill  be  in  the  year  1 874.. 
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The  next  planet  thact  comes  before  us  is  the  Earth 
that  we  inhabit :  small  as  It  really  is,  when  com- 
pared  to  some  of  the  other  planets,  it  is  to  us  of  the 
highest  importance ;  we  wish  only  to  attain  know- 
ledge of  others,  that  we  may  find  out  their  relation 
to  this,  and  from  thence  learn  our  connection  with 
the  universe  at  large.  But,  when  viewed  with  ai^ 
eye  to  eternity,  its  value  to  us  is  heightened  in  a 
manner  that  exceeds  expression,  and  surpasses  aH 
th^B  powers  of  the  human  mind.  He  alone  can  form 
.some  idea  of  it,  who,  in  the  regions  of  celestial  bliss, 

*  Ruthttfird's  Syttem  of  Natural  Phaosophy,  «oI.  iL  .p.  781. 
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is  become  a  partalver  of  the  leagth  and  breadth^ 
the  depth  and  height,  of  divine  love. 

The  orbit  of , the  Earth  is  placed  between  those  of 
Venus  and  Mars.  The  diameter  of  the  Earth  is 
7970  miles ;  its  distance  from  the  sun  is  96  millions 
of  miles^  and  goes  round  hini  in  a  year,  or  365  days, 
6  hours,  9  minutes;  moving  at  the  rate  of  68,856 
miles  per  hour.  Its  apparent  diameter,  as  seen 
from  the  sun,  is  about  21  seconds. 

It  turns  round  its  axis  from  w.est  to  east  in  24 
hours,  which  occasions  the  apparent  diurnal  motion 
of  the  sun,  and  all  the  heavenly  bodies  round  it, 
from  east  to  west  in  the  same  time;  it  is  of  course 
the  cause  of  their  rising  and  setting,  of  day  and 
night. 

The  axis  of  the  Earth  is  inclined  23  4^  degrees  to 
the  plane  of  its  orbit,  and  keeps  in  a  direction  paral- 
lel to  itself  throughout  its  annual  course,  which  caused 
the  returns  of  spring  and  summer,  autumn  and  win- 
ter.  Thus  his  diurnal  motion  gives  us  the  grateful 
vicissitude  of  night  and  day,  an4  his  annual  motion 
the  regular  succession  of  seasons. 

OF  THE  MOON*.       ^  / 

Next  to  the  sun,  the  Moon  is  the  most  splendid 
and  shining  globe  in  the  heavens,  the  satellite,  or 
inseparable  companion  of  the  earth.  By  dissipatii^y 
in  some  measure,  the  darkness  and  horrors  of  t^a 
night,  subdividing  the  year  into  months,  and  regu- 
lating the  flux  and  reflux  of  the  sea»  she  not  only 
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becomes  a  pleasing,  but  a  welcome  object;  an  ob- 
ject affording  much  for  speculation  to  the  contem- 
plative mind,  of  real  use  to  the  navigator,  the 
traveller,  and  the  husbandman.  The  Hebrews,  the 
Greeks,  the  Romans,  and,  in  general,  all  the  an- 
cients, used  to  assemble  at  the  time  of  new  moon, 
to  discharge  the  duties  of  piety  and  gratitude  for  its 
manifold  uses.  • 

That  the  moon  appears  so  much  larger  than  the 
other  planets,  is  owing  to  her  vicinity  to  us;  for,  to 
a  spectator  in  the  sun  she  would  be  scarcely  visible, 
without  the  assistance  of  a  telescope.  Her  distance 
is  but  small  from  us,  when  compared  with  that  of  the 
other  heavenly  bodies;  for  among  these,  the  leart 
'  absolute  distance,  when  put  down  in  numbers,  will 
appear  great,  and  the  smallest  magnitude  immense. 

The  Moon  is  2l6l  miles  in  diameter;  her  bulk  is 
about  '.  of  the  earth's ;  her  distance  from  the  centre 
of  the  earth  240,000  miles ;  she  goes  round  her  orbit 
in  27  days,  f  hours,  43  minutes,  moving  at  the  rate 
of  2399  miles  per  hour.  The  time  in  going  round 
the  earth,  reckoning  from  change  to  change,  is  29 
days,  1 2  hours,  44  minutes.  Her  apparent  diameter, 
at  a  mean  distance  from  the  earth,  is  31^  16^";  but 
as  viewed  from  the  sun,  at  a  mean  distance  about  6"^, 

Her  orbit  is  inclined  to  the  ecliptic,  in  an  angle 
of  five  d^rees,  1 8  minutes,  cutting  it  in  two  points, 
which  are  diametrically  opposite  to  each  other;  these 
points  are  called  hernodes.  Her  nodes  have  a  motion 
westward,  or  contrary  to  the  order  of  the  signs,  mak- 
ing a  complete  revolution  in  about  I9  years;  i|i  which 
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time  each  node  returns  to  that  point  of  the  ecliptic 
ivhence  it  before  receded. 

If  the  moon  were  a  boc|y  possessing  native  light, 
we  should  not  perceive  any  diversity  of  appearance; 
but^  as  she  shines  entirely  by  light  received  from 
the  sun,  and  reflected  by  her  surface,  it  follows,  that, 
according  to  the  situation  of  the  beholder  with  re- 
spect to  the  illuminated  part,  he  will  see  more  or 
less  of  her  reflected  beams;  for  only  one-half  of  a 
globe  can  be  enlightened  at^once. 

Hence,  while  she  is  making  her  revolution  round 
the  heavens,  she  undergoes  great  changes  in  her  ap- 
pearance. She  is  sometimes  in  our  meridian  at  mid- 
night, and,  therefore,  in  that  part  of  the  heavens 
which  is  opposite  to  the  sun :  in  this  situation  she 
appears  as  a  complete  circle,  and  it  is  said  to  heJuU 
moon.  As  she  moves  eastward,  she  becomes  deficient 
on  the  west  side,  and  in  about  f^  days  comes  to  th^ 
meridian  at  about  six  in  the  morning,  having  the  ap- 
pearance of  a  semicircle,  with  the  convex  side  turned 
towards  the  sun;  in  this  state,'  her  appearance  i$ 
called  the  half  moon.  Moving  on  still  eastward,  she 
becomes  more  deficient  on  the  west,  and  has  the 
form  of  a  crescent,  with  the  convex  side  turned  to- 
wards  the  sun;  this  crescent  becomes  continually 
more  slender,  till  about  fourteen  days  after  the  full 
moon,  she  is  so  near  the  sim  that  she  cannot  be  seen, 
on  account  of  his  great  splendor.  About  four  dajrs 
after  thijs  disappearance,-  she  is  seen  in  the  evening  a 
little  to  the  eastward  of  the  sun,  in  the  form  of  a  fine 
crescent,  with  the  convex  side  turned  from  the  sun ; 
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moving  still  to  the  eastward^  the  crescent  becomes 
more  full;  and,  when  the  Mo6n  comes  to  the  meri- 
dian>  about  six  in  the  evening,  she. has  again  the 
appearance  of  a  bright  semicircle:  advancing  still  to 
the  eastward,  she  j;)ecomes  fuller  on  the  east  side ; 
at  last,  in  about  29^  days,  she  is  again  opposite  to  the 
sun,  and  again  full.  It  frequently  happens  that  the 
Moon  is  eclipsed  when  at  the  full ;  and  that  the  sun 
is  eclipsed  some  time  between  the  disappearance  of 
the  Moon  in  the  morning  on  the  west  side  of  the  sun, 
and  her  appearance  in  the  evening  on  the  east  side 
of  the  sun.  The  nature  of  these  phenomena  will  be 
more  fully  considered,  when  we  come  to  treat  par- 
ticularly of  eclipses. 

In  every  revolution  of  the  Moon  about  the  eardi, 
she  turns  once  round  upon  her  axis,  and  the^ore 
always  presents  to  us  the  same  face;  and  as,  during 
her  course  round  the  earth,  the  sun  enlightens  suc- 
cessively every  part  of  her  globe  only  once,  conse- 
quently she  has  but  one  day  in  all  that  time,  and 
her  day  and  night  together  are  as  long  as  our  lunar 
month.  As  we  see  only  one  side  of  the  Moon,  we 
are  therefore  invisible  to  the  inhabitants  on  the  op- 
posite side,  without  they  take  a  journey  to  that  side 
which  is  next  to  us ;  for  which  purpose  some  of  them 
must  travel  more  than  1 500  miles* 

As  tiie  Moon  illuminates  the  earth  by  a  light  re- 
flected firom  the  sun,  she  is  reciprocally  enlightened, 
but  in  a  much  greater  degree  by  the  earth,  for  the 
flfurfac^  is  above  thirteen  times  greater  than  that  of 
llie  Moon;  and,  tiierefore^  supposing  their  power  6f 
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rcflect'mg  light  to  be  equal,  the  earth  will  reflect 
thirteen  times  more  light  on  the  Moon  than  she  re- 
ceives from  it.  When  it  is  what  we  call  New  Moon, 
we  shall  appear  as  a  Full  Moon  to  the  Lunarians ;  as 
it  increases  in  light  to  us,  ours  will  decrease  to  them ; 
in  a  word,  our  earth  will  exhibit  to  them  the  same 
phases  as  she  does  to  us. 

We  have  already  observed,  that  from  one  half  of 
the  Moon  the  earth  is  never  seen;  from  the  middle  of 
the  other  half,  it  is  always  seen  over  head,  turning 
round  almost  thirty  times  as  quick  as  the  Moon  does. 
'Jo  her  inlukbitants  the  earth  seems  to  be  the  largest 
body  in  the  universe ;  about  thirteen  times  as  large 
to  them,  as  she  does  to  us.  As  the  earth  turns 
round  its  axis,  the  several  continents  and  islands  ap- 
pear to  the  Lunarians  as  so  many  spots  of  different 
forms ;  by  these  spots  they  may  determine  the  time 
of  th.^  earth's  diurnal  motion ;  by  these  spots,  they 
may  perhaps  measure  theiir  time;  they  cannot  have 
a  better  diaL 
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Mars,  Jupiter,  Saturn,  and  the  Georgium  Sidney 
are  called  superior  planets,  because  they  are  higher 
in  the  system,  or  ferther  from  the  centre  of  it  tltetfi 
the  earth  is. 

They  exhibit  several  phenomena,  which  are  very 
different  from  those  of  Mercury  and  Venus ;  among 
other  things,  they  come  to  our  meridian  both  at 
noon  and  midnight,  and  are  never  geen  crossing  the 
sun's  disc. 
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Mars  is  the  kast  bright  and  elegant  of  all  the 
planets;  its  orbit  lies  bet\^een  that  of  the  Earth  and 
Jupiter;  but  very  distant  from  both.  He  appears  of 
t,  dusky  reudish  hue ;  from  the  dulness  of  his  appear- 
ance, many  have  conjectured  that  he  is  encompassed 
with  a  thick  cloudy  atmosphere;  his  light  is  not 
near  so  bright  as  that  of  Venus,  though  he  is  some^ 
times  nearly  equal  to  her  in  size. 

Mars,  which  appears  so  inconsiderable  in  the  hea- 
vens, is  6,309  miles  in  diameter.  Its  distance  from 
the  sun  is  146,000,000  miles.  It  goes  round  the 
sun  in  one  year,  321  days,  23  hours;  moving  at  the 
rate  of  65,287  miles  per  hour.  It  revolves  round 
its  a^  is  in  about  24  hours,  40  minutes.  To  an  in- 
habitant in  Mars,  the  sun  would  appear  one-third 
less  in  diameter  than  it  does  to  us.  Its  apparent  dia- 
meter, as  viewed  at  a  mean  distance  from  the  earth, 
in  30  seconds. 

Mars,  when  in  opposition  tp  the  sun,  is  five  times 
nearer  to  us  than  when  in  conjunction.  This  has  a 
very  visible  effect  on  the  appearance  of  the  planet, 
causing  him  to  appear  much  larger  at  some  periods 
than  at  others. 

The  analogy  between  Mars  and  the  earth  is  by 
far  the  gr^test  in  the  whole  solar  system;  their 
diurnal  motiooi  is  nearly  the  same;  the  obliquities  of 
their  respective  ecliptics  aot  very  difier^it.  Of  all 
the  superior  planets,  th$^t  of  Mars  is  by  farthe  nearest 
like  the  earth;  nor  will  the  Martial  year  appear  fio 
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dissimilar  to  our's,  when  we  compare  it  with  the 
long  duration  of  the  years  of  Jupiter,  Saturn,  and  the 
Georgium  Sidus*  It  probably  has  a  considerable  at- 
mosphere; for  besides  the  permaneat  spots  on  its 
sur&ce,  Dr«  Herschel  has  often  pereeived  oceasioiiat 
changes  of  partial  bright  belts^  and  also  once  a  dark^ 
ish  one  in  a  pretty  high  latitude;  alterations  which 
we  can  attribute  to  no  other  caus^  than  the  variable 
disposition  of  clouds  and  vapours  floating  in  the  at- 
mosphere of  the  planet. 

A  spectator  in  Mars  will  rarely,  if  ever,  see  Mer- 
cury^ except  when  he  sees  it  passing  over  the  sun's 
disc.  Venus  will  appaar  to  him  at  about  the  same 
distance  from  the  sup^  as  Mercucry  appears  to  us* 
The  earth  will  appear  about  the  size  ©f  Venus,  and 
never  above  48  degrees  from  the  sun;  and  will  be, 
by  turns,  a  morning  and  evening  star  to  the  inha- 
bitants of  Mars.  It  appears,  from  the  most  accu-r 
rate  observations,  that  Mars  is  a  spheroid,  <or  flatted 
sphere,  the  equatm'ial  diameter  to  the  polar  being  in 
the  proportion  of  about  131  to  127;  arid  there  is 
reason  to  suppose  ths^t  all  the  planets  are  of  thii 
€gure* 

eV  JUPITER.       % 

Jupiter  is  situated  still  further  in  the  system, 
revolving  round  the  sun  between  Mars  and  Saturn. 
It  is  the  laigest  of  all  the  planets,  and  easily  distin** 
guished  from  them  by  his  peculiar  magnitude  and 
)ight.  To  the  naked  eye  it  appears  almost  as  large 
as  Vienus,  but  not  altogether  so  bright. 
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Jupiter  revolves  round  its  axis  in  nine  Mours^  b& 
minutes ;  its  revolution  in  its  orbit  to  the  <same  point  - 
0f  the  ecliptic,  is  II  yearsy  314  days,  10  hburs.  The 
disproportion  of  Jupiter  to  the  earth,  in  size,  is  very' 
^preat ;  viewing  him  in  the  heavenis,  we  consider  him 
as  small  in  magnitude;  wher^ts  he  is  in  reality 
90,228  miles  in  diameter;  hb  distance  from  the  sun 
is 494^7 ^^9^^^  miles;  he  moves  at  the  rate  of  rather ' 
more  than  ^9,083  miles  per  hour.  Its  apparent 
diameter,  as  seen  at  a  mean  distance  firofn  the  earthy 
is  39''.  , 

To  art  eye  placed  in  Jupiter,  the  sun  wooU  not 
be  a  fifth  part  of  the  size  he  appears  to  us,  and  his 
disc  be  35  times  less.  Though  Jupiter  be  thelargert 
of  all  the  planets,  yet  its  revolution  round  its  axis  is. 
the  swiftest.  - .  The  polar  aids  is  shorter  than  the 
equatorial  one,  and  his  axid  perpendicular  to  the 
plane  of  his  orbit,  ,  2 

Jupiter,  when  in  opposition  to  the  sun,  is  muck 
Hearer  the  earth,  than  when  he  is  in  conjunction 
with  him;  at  those  times  he  appears  also  larger,  and 
more  lunl.inous  than  at  other  times. 

In  Jupiter,  the  days  and  nights  are  of  an  equal 
length,  each  being  about  five  hours  long.     We  have 
already  observied,  that  the  axis  of  his  diurnal  rota- 
tion is  ne^riy  at  right  angles  to  the  plane  of  hiis*  an-^ 
nual  one;  and  consequently  there  can  be  scarce' any 
difference  in  seasons',  and  here,  as  far  as  we  may 
reason  from  analogy,  we  may  discover  the  footsteps  ^ 
^f  wisdom ;  for,  if  the  axis  .of  this  planet  -were  in- 
dined  by  any.  Qpnsideriakle  numb^  of  degrees,  just 
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80  many  degrees  round  each  pole  would^in  their  tum^ 
he  almost  six  years  in  darkness ;  and  as  Juptter  is  of 
such  an  amazing  size^  in  this  case^  immense  regions 
6f  land  would  he  uninhabitable. 
.  Jupiter  is  attended  by  four  satellites,  or  moons ; 
these  are  invisible  to  the  naked  eye;  but  through  a 
telescope  they  make  a  beautiful  appearance.  As 
our  moon  turns  round  the  earth,  enlightening  the 
nights,  by  reflecting  the  light  she  i^eives  from  the 
sun,  so  these  also  enlighten  the  nights  of  Jupiter; 
and  move  round  him  in  different  periods  of  times, 
proportioned  to  their  several  distances:  and  as  the 
moon  keeps  company  with  the  earth  in  its  annual 
revolution  round  the  sun,  so  these  accompany  Ju- 
piter in  its.  course  round  that  luminary. 

In  speaking  of  tlie  satellites,  we  distinguish  them 
according  to  their  places ;  into  the  first,  second,  and 
so  on ;  by  the  first,  we  mean  that  which  is  nearest 
to  the  planet. 

The  outermost  of  Jupiter's  satellites  will  appear 
almost  as  big  as  the  moon  does  to  us ;  five  times  the 
diameter,  and  twenty-five  times  the  disc  of  the  sun. 
The  four  satellites  must  afifoid  a  pleasing  spectacle 
to  the  inhabitants  of  Jupiter ;  for  sometimes  they 
will  rise  all  together;  sometimes  be  all  together  on 
tlie  meridian,  ranged  one  under  another,  besides 
frequent  eclipses.  Notwithstanding  the  distance  of 
Jupiter  and  his  satellites  from  us,  the  eclipses  thereof 
are  of  considerable  use  for  ascertaining  with  accuracy 
the  longitude  of  places.  From  the  four  satellites, 
the  •  inhabitants  of  Jupiter  will  have  f<^t  different 
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kinds  of  months,  and  the  .number  of  them  in  their 
year  not  less  than  4,500« 

An  astronomer  in  Jupiter  will  never  see  Mercury, 
Venus j  the  Earth,  or  Mars;  because,  from  the  im- 
meirse  distance  at  which  he  is  placed,  they  must 
appear  to  accompany  the  sun,  and  rise  and  set  with 
him ;  but  then  he  will  have  for  the  objects  erf  obser- 
vation, his  own  four  moons,  Saturn,  his  ring  and  sa- 
tellites, and  probably  the  Georgium  Sidus, 

OF  SATURN.       hf 

Before  the  discovery  of  the  Georgium  Sidus,  Sa-^ 
turn  was  reckoned  the  most  remote  planet  in  our 
system:  he  shines  but  with  a  pale  feeble  light,  less 
bright  than  Jupiter,  though  less  ruddy  than  Mars, 
The  uninformed  eye  imagines  not,  when  it  is  directed, 
to  this  little  speck  of  light,  that  it  is  viewing  a, 
large  and  glorious  globe,  one  of  the  most  stupend- 
ous of  the  planets,  whose  diameter  is  nearly  78,000 
miles.  .  We  need  not,  however,  be  surprised  at  the 
vast  bulk  of  Saturn^  and  its  disproportion  to  its  ap-. 
pearaace  in  the  heavens;  for  we: are  to  consider  that 
^t  objects  decrease  in  their  apparent  magnitude,  in. 
proportion  to  their  distance;  but  the  distance  of  Sa-^ 
turn  IB  immense;  that  of  the  earth  from  the  fcun  is 
Q&^OOOfiOO  miles;  of  Satraii,  §16,500,000  mites. 

The  letigth  of  a  planers  year,  or  the  time  of  its 
i^volutioa  round  itk  <»rbit,  is  propbrtioned  to  its  dis- 
tatice  from  the  sun.  Saturn  goes  round  the  sun  in 
^  yeai^s,  167  days,  sijchouriir;  moving  at  the  rate  of 
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rather  more  than  22,298  miles  per  hour.     His  appiu^ 
rent  diameter,  af  a  mean  distance  from  the  earth,  is  16^* 

It  has  not  yet  been  ascertaiiied  with  certainty  by 
astronomical  observation,  whether  Saturn  revolves 
or  not  upon  his  axis.  The  sun's  disc  will  appear 
ninety  times  less  to  an  inhabitant  of  Saturn,  than^it 
does  to  us ;  but  notwiJthstanding  the  sun  appears  so 
jsmali  to  the  inhabitants  of  the  regions  of  Jupiter 
and  Saturn,  the  light  that  he  will  afford  them  is  much 
more  than  would  be  at  first  supposed ;  and  calc'ula^ 
tions  have  been  made,  from  which  it  is  inferred,  that 
the  sun  will  afford  500  times  as  much  light  to  Sa- 
turn, as  the  full  moon  to  us ;  and  1600  times  as  much 
to  Jupiter,  To  eyes  like  our^s,  unassisted  by  in- 
struments, Jupiter  and  the  Georgium  Sidus  would 
be  the  only  planets  seen  from  Saturn;  to  whom 
Jupiter  would  sometimes  be  a  moiming,  sometimes 
an  evening,  star. 

One  of  the  first  discoveries  by  the  telescope,  when 
brought  to  a  tolerable  degree  of  perfection,  was^ 
that  Saturn  did  not  appear  like  other  planets.  6a- 
lileoy  in  iftlO,  supposed  it  composed  of  three  stars 
or  globes,  a  larger  in  the  middle,  and  a  smaller  on 
each  side;  and  he  continued  his  observations  till  the 
two  lesser  stars  disappeared,  and  thi^  planet  looked 
like  the  others.  Further  observation  shewed  th«t 
what  Galileo  took  for  two  stars,  were  parts  of  a  ring. 
This  singular  and  curious  appendage  to  the  planet 
i^tum,  is  a  thin,  broad,  opake  ring,  encompassing 
the  body  of  the  planet,  without  touching  it,  like  die 
horizon  of  an  artificial  ^obe;  appearing  double  when 
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Viewed  through  a  good  telescope.  The  space  be- 
tween the  ring  and  the  globe  of  Saturn  is  supposed 
to  be  rather  more  than  the  breadth  of  the  ring,  and 
tlxe  greatest  diameter  of  the  ring  to  be  in  propor- 
tion to  that  of  the  globe,  as  seven  to  three ;  the. 
plane  of  the  ring  is  inclined  tdthc  plane  of  the  ^eclip- 
tic, in  an  angle  of  SO"*,  and  is  aboi^t  21,000  miles 
in  breadth.  It  puts  on  different  appearances  to  us, 
sometimes  being  seen  quite  open,  at  others  only  as 
a  line  upon  the  equator.  It  is  probable,  that  it  will 
at  times  cast  a  shadow  over  vast  regions  of  Saturn's 
body.  The  ring  of  Saturn,  considered  as  a  jbroad 
flat  ring  of  solid  matter,  suspended  round  the  body 
of  the  planet,  and  keeping  its  place  without  any 
connection  with  t^e  body,  is  quite  different  from  all 
other  planetary  phenomena  with  which  we  are  ac- 
quainted. Of  the  nature  of  this. ring,  various  and 
uncertain  were  the  conjectures  of  the  first  observers, 
though  not  more  perplexed  than  those  of  the  latest. 
Of  its  use  to  the  inhabitants  of  Saturn,  we  are  as 
ignorant  as  of  its  nature ;  though  there  are  reasons 
for  supposing  that  it  would  appear  ^  them  as  little 
more  than  a  white  or  bright-colourdd  cloiid.  Some 
of  the  phenomena  of  Satuni*s  ring  will  be  treated 
of  more  particularly  in  another  part  of  this  Essay. 
'  Saturn  is  not  only  furnished  with  this  beautiful 
ring,  but  has  also  seven  attendant  moons. 
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From  the  time  oiHuygensKwA  CafS7w/,  to  the  dis- 
covery of  the  GeorgiumSidushy  Dr.  Her^cAe/,tho\lgh 
the  intervening  space  was  long,  though  the  number 
of  astronomers  was  increased,  though  assiduity  in 
observing  was  assisted  by  accuracy  and  perfection  in' 
the  instruments  of  observation,  yet  no  new  disco- 
very wa^  made  in  the  heavens;  the  boundaries  of 
our  system  were  not  enlarged.  The  inquisitive  mind 
naturally  enquires,  why,  when  the  number  of  those 
that  cultivated  the  science  was  increased,  when  the 
science  itself  was  so  much  improved,  in  practical 
discoveries,  it  was  so  deficient  ?  A  small  knowledge 
of  the  human  mind  will  answer  the  question,  and 
obviate  the  difficulty.  The  mind  of  man  has  a'na* 
lural  propensity  to  indolence ;  tlie  ardour  of  its  pur- 
suits, when  they  are  unconnected  with  selfish  views, 
are  soon  abated  ;  small  difficulties  discourage,  little 
jnconveniences  fatigue  it,  ahd  reason  soon  finds 
excuses  to  justify,  and  even  applaud  this  weakness, 
It>  the  present  instance,  the  unmanageable  length 
of  the  telescopes  that  were  in  use,  and  the  continual 
exposure  to  the  cold  air  pf  the  night,  were  the  diffi- 
culties tliat  the  astronomer  had  to  encounten  with  ; 
and  he  soon  persuaded  himself,  that  the  same  fefiects 
w  ould  be  produced  by  shorter  telescopes,  with  equal 
magnifying  power;  herein  was  his  mistake;  andhencs 
the  reason  whv  so  few  discoveries  have  been  made 
since  the  time  of  Cassint,  A  similar  instance  of  the 
retrofjradation  of  science;  occurs  in  the  history  of 
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the  microscope,  as  I  have  shewn  in  my  Essays  on 
that  instrument. 

The  Georgium  Sidus  was  cjiscovered  by  Dr»  Hers-^  - 
chely  in  the  year  178I :  for  this  discovery  he  ob- 
tained from  the  Royal  Society  the  honorary  recoin- 
pence  of  Sir  Godfrey  Coplejfs  medal.  He  named  the 
planet  in  honour  of  his  Majesty  King  George  III. 
the  Patron  of  science,  who  has  taken  Dr.  Hersckel 
under  his  patronage,  and  granted  him  aii  annual 
salary.  By  this  munificence  he  has  given  scope  to 
a  very  uneommop  genius,  and  enabled  him  to  pro- 
secute his  favourite  studies  with  unremitted  ardour. 
'  In  so  recent  a  discovery  of  a  planet  so  distant, 
many  particulars  cannot  be  expected.  Its  year  is 
supposed  to  be  more  than  80  siderial  years ;  its  dia- 
meter 34,299  miles  ;  the  inclination  of  its  orbit  43' 
35'';  its  diameter,  compared  to  that  of  the  earth,  as 
431,769  to  1  ;  in  bulk  it  is  8,04i9,256  times  as  large 
as  the  earth.  Its  light  is  of  a  bluish  white  colour,  and 
its  brilliancy  between  that  of  the  Moon  and  Venus. 

Though  the  Georgium  Sidus  was  not  Known  as  a 
planet  till  the  time  of  Dr.  Herschel,  yet  thet«  are 
many  reasons  to  suppose  it  had  been  seen  before,  but 
had  been  considered  as  a  fixed  star.  Dr.  Herschets 
attention  was  first  engaged  by  the  steadiness  of  its 
light ;  this  induced  him  to  apply  higher  magnifying 
powers  to  his  telescope,  which  increased  the  diameter 
of  it :  in  two  days  he  observed  that  its  place  was 
changed ;  he  then  concluded  it  was  a  comet ;  but 
in  a  little  time  Dr.  Maskelyne^  himself,  and  others, 
determined  that  it  was  a  planet,  from  its  vicinity  to 
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the  ecliptic,  the  direction  of  its  motion,  being  sta- 
tionary in  the  time,  ajnd  in  such  circumstances  as  to 
correspond  with  similar  appearances  in  other  planets. 
With  a  telescope,  which  magnifies  about  300 
times,  it  appears  to  have  a  very  well-defined  visible 
disc ;  tut  with  instruments  of  a  smaller  power  it 
can  hardly  be  distinguished  from  a  fixed  star,  be- 
tween the  sixth  and  seventh  magnitude.  When 
the  moon  is  absent,  it  may  be  seen  by  the  naked 
eye. 

Dr-  Herschel  has  since  discovered  that  it  is  at- 
tended by  six  satellites :  a  discovery  which  gave  him 
considerable  pleasure,  as  the  little  secondary  planets 
seemed  to  give  a  dignity  to  the  primary  one,  and 
raise  it  into  a  more  conspicuous  situation  among  thfe 
great  bodies  of  our  solar  system.  , 
-  As  tlie  distances  of  the  planets,  when  marked  in 
miles,  are  a  burthen  to  the  memory,  astronomers 
often  express  their  mean  distances  in  a  phorter  way, 
by  supposing  the  distance  of  the  earth  from  the  sun 
to  be  divided  into  ten  parts.  "Mercury  may  then  be 
estimated  at  four  of  such  parts  from  the  sun,  Venus 
at  seven,  the  Earth  at  ten.  Mars  at  fifteen,  Jupiter 
at  fiftyrtwo  such  parts,  Saturn  at  ninety-five,  and  the 
Georgium  Sidus  190  parts. 

By  comparing  the  periods  of  the  planets,  or  the 
time  they  take  to  finish  their  revolutions,  with  their 
distance  from  the  sun,  they  are  found  to  observe  a 
wonderful  harmony  and  proportion  to  each  other  ; 
Sov  the  nearer  any  planet  is  to  the  sun,  the  sooner 
does  he  finish  his  revolution.     And  in  this  there  is  a 
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constant  and  immutable  law,  which  all  the  bo- 
dies  of  the  universe  inviolably  observe  in  their  cir- 
culations; namely.  That  the  squares  of  their  perio- 
dical times  are  as  the  cubes  of  their  distances  from  the 
centre  of  the  ohhit^  about  which  they  regularly  per- 
form their  motions.  We  are  indebted  to  the  sagacity 
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of  Kepler  for  the  discovery  of  this  law  ;  he  was  in- 
deed  one  of  the  first  founders  of  modern  astronomy. 
I  cannot  conclude  this  general  survey  of  the  solar 
system  better  than  in  the  words  of  that  excellent* 
mMhematician,  Mr.  Maclaurin.     ^^  The  view  of  na- 
ture,  which   is   the  immediate  object  of  sense,  is 
very  imperfect,  and  of  small  extent ;  but,  by  the  as- 
sistance of  art,  and  the  aid  of  reason,  becomes  en- 
larged, till  it  loses  itself  in  infinity.     As  magnitude 
of  every  sort,  abstractedly  considered,  is  capable  of 
being  increased  to  infinity,  and  is  also  divisible  with- 
out end ;  so  we  find  that,  in  nature,  the  limits  of  trhe 
greatest  and  least  dimensions  of  things,  are  actually 
placed  at  an  immense  distance  from  each  other. 

4  "We  can  perceive  no  bounds  of  the  vast  expanse, 
in  which  natural  causes  operate,  and  fix  no  limit,  or 
termination,  to  the  univei'se.  The  objects  we  com- 
monly call  great,  vanish,  when  we  contemplate  the 
vast  body  of  the  earth.  Tlie  terraqueous  globe  itself 
is  lost  in  the  solar  system ;  the  sun  itself  dwindles 
into  a  star ;  Saturn's  vast  orbit,  and  all  the  orbits  of 
the  comets,  crowd  into  a  point,  when  viewed  from 
numberless  places  between  the  earth  and  the  nearest 
fixed  stars.  Other  suns  kindle  to  illuminate  other 
systems,  where  our  sun's  rays  are  unperceived  ;  but 
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they  also  are  swallowed  up  in  the  vast  expanse. 
When  we  have  risen  so  high,  a^  to  leave  all  definite 
measures  far  behind  us,  we  find  ourselves  no  nearer 
to  a  term  or  limit. 

^^  Our  views  of  nature,  however  imperfect,  serve 
to  represent  to  us,  in  a  most  sensible  manner,  that 
mighty  power  which  prevails  throughout,  acting 
with  a  force  and  efficacy  that  suffers  no  diminution 
from  the  greatest  distances  of  space,  or  intervals  of 
time ;  and  to  prove  that  all  things  are  ordered  by 
infinite  wisdom  and  perfect  goodness  ;  scenes  which 
should  excite  and  animate  us  to  correspond  with  the 
general  harmony  of  nature."  . 


ACCOUNT   OF  THE     DISCOVERY    OF    THE    FOUR   NEW 
PLANETS     NAMED      CERES,     PALLAS,     JUNO,      AND 

VESTA*.    . 

Professor  Piazzi,  of  the  university  of  Palermo,  in 
Italy,  a  very  able  astronomer,  discovered  on  the  first 
of  January,  1801,  a  moveable  star  which  had  the 
appearance  bf  a  new  planet ;  he  estimated  its  bulk 
to  be  about  1 1  that  of  the  earth  ;  and  itg  position  in 
our  system  to  be  between  Mars  and  Jupiter.  In 
compliment  to  the  present  sovereign,  the  founder  of 
the  Palermo  observatory,  h^  denominated  it  Ceres 
Ferdinandia ;  and  it  is  now  generally  called  Ceres. 
Subsequent  observations  on  this  planetary  bodjr 
made  by  Dr,  Mashelyne,  Dr.  Herschel,  and  other 

*  I  have  availed  m  vsi  If  of  the  opporturiitjr,  in  the  present  edi* 
tion,  of  inserting  the  above  dLscoveries. — epit. 
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astronomers  of  tthis  country,  France,  and  Germany, 
appear  at  preseiit  to  confirm  its  identity  with  the 
other  planets.  On  the  4th  of  February,  1802,  Dr. 
Maskelyne  at  the  Uoyal  Observatory,  Greenwiqli,  ob- 
served  this  planet  passing  the  meridian,  between  3 
and  4  o'clock  in  the  morning,  having  about  188* 
43'  right  ascension,  and  12^  38'  north  declination, 
in  appearance  like  a  star  of  the  8th  magnitude  ;  and 
preceding  the  11th  of  the  same  tnonth,  he  Jiad  suf- 
ficiently observed  it,  so  as  fully  to  ascertain  its.  mo- 
tion.  With  a  power  of  6o,  it  appeared  to  have  a 
visible  disc,  when  on  the  meridian ;  and  through  a 
clear  air,  the  disc  was  round  and  well  defined,  and 
rather  smaller  than  that  of  the  34th  of  Virgo,'  an  ap- 
proximate star  of  the  6th  magnitude;  at  the  same  time 
Dr.  Maskelyne  remarked  that  the  smallness  and  ro- 
tundity of  the  appearance  of  the  fixed  stars  is  a  good 
criterion  of  the  clearness  of  the  air.  The  light  of 
this  planet  is  of  a  reddish  hue,  and  has  been  judged 
to  resemble  that  of  the  planet  Mars.  From  the  earth's 
position  and  quicker  motion  in  its  orbit,  it  appeared 
stationary  on  the  6th,  and  7th  of  February  last,  and 
has  had  since  an  apparent  retrograde  motion.  Dr. 
fler^cAe/ judges  it  to  be  not  larger  than  a  fourth  part 
of  the  diameter  of  the  Georgium  Sidus,  and  its  ap- 
parent diameter  22".  -  This  planet  was  in  opposition 
to  the  sun  on  March  17,  1802.  Therefore,  at  this 
time,  October  6th,  its  pro:ximity  to  the  sun,  and 
twilight,  prevents  any  observation.  In  the  month 
of  January  next,  observations  of  it  may  be  re-astumed. 
Baron  De  ZucKs  c  jmj  utation  of  its  place  for  April 

P4 


56  OF  CERES   AND   PALLAS;  % 

6th  last,  was  178^29'  right  ascension^  and  18^  10' 
north  declination. 

On  the  2  8fli  of  March,  1803,  a  remarkable  dis- 
covery of  another  new  planetary  body  was  made  by 
Dr.  OlberSy  of  Bremen,  in  Germany  ;  it  is  of  small 
apparent  magnitude,  and  then  formed  an  equilateral 
triangle  with  the  stars  20  and  1 9  of  Virgo ;  he  found 
it  had  a  perceptible  change  of  place,  and  the  follow- 
ing observations  were  communicated  by  him  of  itj 
to  an  astronomer.  Dr.  Schroeter. 

1802.  March 28^  9**  25'  lo'   meantime 

App."  R.  Ascen.  184''  S6' 49" 
App.  Declin.        11    AS  30  N 
2^^  8**  49'  14"  M.  T.  App.  R.  A.  184    46  36 

App.  Declin.        11    52  59  N 

Dr.  Olhers  did  not  observe  any  sensible  disc ;  in 
comparison  to  Ceres,  its  light  was  pale  and  white^ 
and  less  bright  than  the  Georgium  Sid  us ;  he  has 
given  it  the  name  of  Pallas.  From  calculations 
made  by  Dr.  Gauss,  founded  upon  a  set  of  obser- 
vations by  Baron  de  Zuch,  it  appears  that  it  is  a 
planetary  body  moving  between  the  orbits  of  Mars 
and  Jupiter,  with  a  very  great  eccentricity  and 
inclination,  and  whose  orbit  comies  very  near  to  the 
orbit  of  the  planet  Ceres.  Dr.  Herschel,  from  his 
observations  upon  this  planetary  body,  judges. the 

N. 

apparent  diameter  to  be  rather  less  than  Ceres,  about 
13"  or  lY'y  and  its  diameter  in  English  miles  93  or 
71,  and  that  of  Ceres  l63»  to  have  a  colour  less 
ruddy  than  Pallas  ;  both  this  and  Ceres,  to  have 
generally  cqma^  or  haziness  about  them,  he  thinks 
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that  they  both  differ  froiri  the  general  character  of 
planets  in  thei**  diminutive  dimensions,  in  their  great 
inclination  of  their  orbits,  in  tlie  comas  surrounding 
them,  and  in  their  mutual  proximity  of  their  orbits ; 
that  they  differ  from  comets /in  their  defect  of  eccen- 
tricity^  and  of  a  considerable  nebularity. 

Pallas,  like  C«res,  will  not  be  sufficiently  apparent 
till  January  next  (1803).  .  Baron  de  ZwcMiasgivea 
us  the  positions  for  the  29th  of  June  last  (1802)  as 
follows,  188'' 32' right  ascension,  and  ig^ffN.  de- 
clination, and  observes  that  it  may  be  difficult  to  find 
Pallaa  next  year ;  Tor  the  elements  of  an  orbit  cal- 
culated upon  so  small  an  arc  as  7^%  may  give  an 
error  of  several  degrees  in  January,   1803. 

Dr.  Herschely  from  his  observations  of  these  two  bo- 
dies, considers  them  as  holding  amiddle  rank  between 
planets  and  comets,  and  has  denominated  them 
Asteroids.  Philosophical  Transactions,  1802.  On 
this  account,  I  shall  forbear  the  insertion  of  the  seve- 
ral published  tables  of  the  motions  of  these  two 
planets,  as  calculated  upon  the  elements  computed 
by  various  ingenious  astronomers.   - 

Mr.  Hardingy  of  Libenthal,  in  Bremen,  dis- 
covered, oa  the  1st  of  September,  1804,  another 
kind  of  planet,  which  has  been  named  JunO,  with 
an  appearance  like  a  star  of  the  ^ighth  magnitude. 
This  and  the  preceding  two  have  been  judged  to  be 
nearly  equidistant  from  the  sun. 

Dr.  Olhers,  on  the  evening  of  the  29th  of  March, 
1907,  discovered  another  planet,  which  has  been 
named  Vesta.    Its  right  ascension  then  was  18  4*  ft'. 
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and  declination  11°  47'  W.  similar  to  a  star  of 
the  &th  magnitude^  and  not  asceirtained  to  be  at  a 
distance  different  from  the  three  others. 

The  places  of  the  Georgium  planet,  only,  are  air- 
nually  published  in  the  Nautical  Ephemeris,  and 
that  of  While's ;  and  it  can  only  be  from  a  con-- 
tiaued  series  of  accurate  observations  for  a  length  of 
time^  that  proper  data  can  be  obtained  to  construct 
true  elements  from» 


AX      EXPLANATION      OF      VARIOUS      PHENOMENA, 
AGREEABLE  TO   THE    COPERNICAN    SYSTEM. 

Havitig  grtren  a  general  idea  of  the  Copemican 
•jrstem,  and  the  bodies  of  which  it  is.  composed,  it 
will  be  necessary  to  enlarge  these  ideas  by  a  more 
minute  description  of  the  particular  parts  which 
form  this  great  whole ;  and  to  strengthen  them  by 
the  force  of  that  evidence*,  on  which  the  system  i* 
feunded*  ' 


or  THE   FIGURE   AND   MAGNITUDE   OF  THE   EARTH. 

The  places  of  the  heavenly  bodies  could  not  be 
settled  with  accuracy  from  observations  made  on  the 
surface  of  the  earth,  unless  its  figure  and  magnitude 
were  previously  known ;  and,  without  this  know- 
ledge^  computations  from  the  observations  of  the 
heav^ily  bodies,  for  ascertaining  the  situation  of 
places  on  the  earth^^  could  not  be  depended  on. 
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I  have  already  observed,  that  the  appearance  of 
the  heavenly  bodies  is-  not  the  same  to  the  inhabit- 
ants  of  various  parts  of  the  earth ;  that  the  sun,  the 
moon,  and  the  stars,  rise  and  set  in  Greenland  in  a 
manner  very  different  from  what  they  do  in  the 
East  Indies,  and  in  both  places  very  different  to  what 
they  do  in  England :  and,  as  it  was  natural  to  attri- 
bute the  cause  of  this  change  in  the  apparent  face  of 
the  heavens  to  the  figure  of  the  earth  (for  appear- 
ances must  ever  answer  to  the  form  and  structure  of 
tne  things),  the  nature  of  this  figure  was,  therefore, 
one  of  the  first  objects  of  inquiiy  among  philoso- 
phers and  astronomers. 

Some  of  the  sages  of  antiquity  concluded,  that  the 
earth  must  necessarily  be  of  a  spherical  figure,  be- 
cause that  figure  was,  on  many  accounts,  the  most 
convenient  for  the  earth,  as  an  habitable  world: 
they  also  argued,  that  this  figure  was  the  most  na- 
tural; because  any  body  exposed  to  forces,  which 
t^nd  to  one  common  centre,  as  is  the  case  with  the 
earth,  would  necessarily  assume  a  round  figure. 
The  assent,  however,  of  the  modern  philosopher  to 
this  truth,  was  not  determined  by  speculative  reason- 
ing, but  on  evidence  derived  from  facts  and  actual 
observation.  From  these  I  shall  select  those  argUr 
ments,  that  I  think  will  have  the  greatest  weight 
with  youi^g  minds. 

It  is  known,  frpm  the  laws  of  optics  and  perspec- 
tive, that  if  any  body,  in  all  situations,  and  under  all 
circunistances,  project  a  circular  shadow^  that  body  . 
must  be  a  globe* 
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It  is  also  kn9wn^  that  eclipses  of  the  moon  are 
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caused  by  the  shadow  of  the  earth. 
'  And  we  find  that,  whether  the  shadow  be  pro- 
jected towards  the  east  or  west,  the  north  or  the 
south,  under  every  cii*cumstance  it  is  circular :  the 
body,  therefore,  that  casts  the  shadow,  which  is  the 
earth,  must  be  of  a  globular  figure. 

We  shall  obtain  another  convincing  proof  of  the 
globular  shape  of  the  earth,  by  inquiring  in  what 
manner  a  person  standing  upon  the  coast  of  the  sea, 
and  waiting  for  a  vessel,  which  he  knows  is  to  arrive, 
sees  that  vessel.  We  shall  find  that  he,  first  of  all, 
and  at  the  greatest  distance,  sees  the  top  of  the  mast 
rising  out  of  the  water ;  and  the  appearance  is  as  if 
the  ship  was  swallowed  up  in  the  water.  As  he  con- ' 
tinues  to  observe  the  object,  more  and  mor^  of  the  . 
mast  appears  ;  at  length  he  begins  to  see  the  top  of 
the  deck,  and  by  degrees  the  whole  body  of  the 
vessel.  On  the  other  hand,  if  the  ship  be  departing 
f  jhom  us,  we  first  lose  sight  of  the  hull,  at  a  greater 
distance  the  main-sails  disappear,  at  a  still  greater 
the  top-sails.  But  if  the  surface  of  the  sea  were  a 
plane,  the  body  of  the  ship,  being  the  largest  part  of 
it,  would  be  seen  first,  and  from  the  greatest  distance, 
and  the 'masts  would  not  be  visible  till  it  came 
nearer. 

To  render  this,  if  possible,  still  clearer,  let  us  con-  ' 
sider  two  ships  meeting  at  sea,  the  top-mast  of  each 
are  the  parts  first  discovered  by  both,  the  hull,  &c. 
being<5oncealed  by  the  conveicity  of  the  globe  which 
rises  between  them.    The  ships  may,  in  this  instance,  ' 
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be  resembled  to  two  men,  who  approach  each  other 
"on  the  opposite  sides  of  a  hill ;  their  heads  will  be 
first  seen,  and  gradually,  as  they  approach,  the  body 
will  bec6me  entirely  in  view.  From  hence  is  de- 
rived a  rational  method  of  estimating  the  distance  cff 
a  ship,  which  is  in  use  amon^  sea-faring  people^ 
namely,  of  observing  how  low  they  can  bring  her 
down ;  that  is  to  say,  the  man  at  the  mast-head  fixes 
his  eyes  on  the  vessel  in  sight,  and  slowly  descends 
by  the  shrouds,  till  she  becomes  no  longer  visible. 
The  less  the  distance,  the  lower  he  may  descend  be^i^ 
Tore  she  disappears.  If  observations  of  this  kind  be 
made^  with  a  telescope,  the  effect  is  still  more  re- 
markable ;  as  the  distance  increases  or  diminishes, 
the  ship  in  sight  will  appear  more  and  more  im- 
mersed, or  to  rise  gradually  out  of  the  water. 

This  truth  is.  fully  evinced  by  the  following  con- 
sideration ;  that  ships  have  sailed  round  the  earth, 
have  gone  out  from  the  westward,*  and  have  come 
home  from  the  eastward;  or,  in  other  w^ords,  the 
ships  have  kept  the  same  course,  and  yet  returned 
from  the  opposite  side  into  the  harbour  whence  they 
first  sailed.  Now  we  are  certain  that  this  C()uld  not 
be  the  case,  if  the  earth  were  a  plane ;  fgr  then  a 
-  person,  who  should  set  out  for  any  one  point,  and  go 
on  straight  forward  without  stopping,  would  be  (Con- 
tinually going  further  from  the  point  from  which  he. 
set  out.  This  argument  may  be  much  elucidated^ 
by  referring  the  pupil  to  a  modern  terrestrial  globe, 
on  which  he  may  follow-the  tracks  of  an'  Anson  and 
a  Coot  round  the  world. 

Plate  2,  Jig.  1  and  2,  are  illustrations  of  the  fore- 
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going  principles.  Fig.lj  shews  that,  if  the  earth 
was  a  plane,  the  whole  of  a  ship  would  be  seen  at 
once,  however  distant  from  the  spectator,  and  that 
whether  he  was  placed  at  the  top  or  bottom  of  a  hill. 
From  Jig.  3,  it  appeai-s  that  the  rotundity  of  the 
earth,  represented  by  the  circle  ABC,  conceals  the 
lo^er  part  of  the  ship  rf,  while  the  top-mast  is  still 
visible ;  and  that  it  is  not  till  the  ship  comes  to  e, 
that  the  whole  of  it  is  visible. 

The  following  remarks  evince  the  same  truth. 
"Observe  any  star  nearer  the  northern  part  of  the  ho» 
rizon,  and  if  you  travel  to  the  south,  it  will  seem  to 
dip  ferther  and  farther  downwards,  till,  by  proceed-  * 
ing,  it  will  descend  entirely  out  of  sight.  In  the 
meantime,  the  stars  to  the  southward  of  our  travel- 
ler  will  seem  to  rise  higher  and  higher.  The  con- 
trary  appearances  would  happen,  if  he  went  to  the 
northward.  This  proves  that  the  earth  is  not  ^ 
plane  surface,  but  a  curve  in  the  direction  south 
and  north.  By  an  observation  nearly  similar  to  this, 
the  traveller  may  prove  the  curvature  of  the  earthy 
in  an  east  and  west  direction. 

The  globular  figure  of  the  earth  may  be  also  in- 
ferred from  the  operation  of  levellifig^  or  the  art  of 
conveying  water  from  one  place  to  another ;  for,  in 
this  process,  it  is  found  necessary  to  make  an  allow- 
»  ance  between  the  true  and  apparent  level ;  or,  in  other 
words,  for  the  figurfe  of  the  earth.  For  the  true 
level  is  not  a  straight  line,  but  a  curve  which  fells 
below  the  straight  line  about  eight  inches  in  a  mile, 
four  times  eight  in  two  miles,  nine  times  eight  ijx 
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three  miles^  sixteen  times  eight  in  four  miles,  alwaysi 
increasing  as  the  square  of  the  distance. 

What  the  earth  loses  of  its  sphericity  by  moun- 
tains and  valliesj  is  very  inconsiderable ;  the  highest 
eminence  bearing  so  little  proportion  to  its  buik^  as 
to  be  scarcely  equivalent  to  the  minutest  protube^ 
ranee  on  the  surface  of  a  lemon* 

It  is  proper,  however,  to  acquaint  the  young  pu- 
jiil,  that  though  we  call  our  earth  a  globe,  and  that, 
ivhen  speaking  in  general  terms,  it  may  be  consi- 
dered as  such ;  yet,  in  the  strictness  of  truth,  it  must 
be  obsevred,,that  it  is  not  exactly  and  perfectly  m 
sphere,  but  a  spheroid^  Jlattened  a  little  toward^  the 
poles,  and  swelling  nt  the  equator ;  the  equatorial  di- 
ameter being  about  thirty-four  milos  longer  than  the 
diameter  from  pole  to  pole.  This  difference  bears, 
therefore,  too  small  a  proportion  to  the  diameter  to 
be  represented  on  globes.  JVl.  Cassini,  from  Pkards 
measure  of  a  degree,  asserted,  that  tfie  earth  was 
am  oblong  or  prolate  spheroid,  flattened  at  the  equa- 
tor, and  protuberant  at  the  poles  ;  while  Newton  and 
Jiut/gens,  from  a  consideration  of  the  known  laws 
and  the  diurnal  motion  of  the  earth,  concluded  that 
the  figure  of  the  earth  was  that  of  an  oblate  spheroid, 
flattened  at  the  poles,  protub«^nt  at  the  equaton 
To  decide  this  important  question,  Louis  XlV. 
ordered  two  degrees  of  the  meridian  to  be  measured, 
one  under  the  equator,  the  other  fis  near  the  pole  as 
possible.  For  this  purpose,  the  Royal  Academy  of 
^  Sciences  sent  Messrs.  XJatipertuis,  Clairault,  Camus^ 
and  Le  Monnier,  to  Lapland :  they  set  out  from 
France  in  1735,  and  returned  in  the  spring  of  the 
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year  1736,  having  satisfactorily  accomplished  the 
purpose  for  which  they  were  sent.  Messrs.  Godin, 
Condamine,  and  Bouguer,  were  sent  on  the  southern 
expedition :  to  these  the  King  of  Spain  joined  Doir 
George  Juan^  and  Don  Anthony  de  Uha,  who  left 
£urope  in  the  year  1735  ;  and  after,  encountering 
innumerable  hardships  and  difficulties,  returned  to 
Europe  at  different  times,  and  by  different  ways,  in 
1744,  1745,  1746.  The  result  of  this  arduous  task 
was  a  complete  confirmation  of  Newton,  s  theoretical 
investigation.  The  difference  between  the  equato- 
jrial  and  polar  dimensions,  when  .compared  with  the 
earth's  semi-diameter,  is  but  an  inconsiderable  quan- 
tity, amounting  in  the  whole  to  an  elevation  of  little 
mqre  than  16^  of  3970  ;  that  is  to  less  than  a  240th 
part  of  the  distance  from  the  surface  of  the  earth  to 
the  centre.  If  a  meridional  section  of  such  a  sphe- 
roid were  laid  down  upon  paper,  the  eye  would  not 
distinguish  it  from  a  perfect  circle. 

OF  THE   DIURNAL   MOTION   OF   THE   EARTH, 

Though  it  is  this  motion^hich  gives  us  the  grate- 
ful vicissitudes  of  day  and  nighty  adjusted  to  the 
times  of  labour  and  rest ;.  yet  young  people  generally 
tfnd  some  difficulty  in  conceiving  that  the  earth 
moves ;  the  more'^o  because,  in  '  order  to  allow  it^ 
they  must  give  up,  in  a  great  measure,  the  evidence, 
of  their  exterior  senses,  of  which  the  impressions 
are  at  tteir  age  exceeding  strong  and  lively.  It  will, 
therefore,,  be  necessary  for  the  tutor  to  prove  to  them 
that  they  can,  by  no  means,  infer  that  the  earth  is  at 
rest  because  it  appears  so,  and  convince  them  by  a* 
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vcuriety  ot  fadSy  that  reason  was  given  to  corfect  die 
JuUacies  of  the  senses. 

To  thi3  end^  we  shall  here  point  some  inistanoss 
where  apparent  motion  is  produced  in  a  body  at 
rest^  by  the  real  motion  of  the  spectator.  Let  u& 
suppose  a  man  in  a  ship  to  be  carried  along  hf  a 
brisk  gale^  in  a  direction  parallel  to  a  shore^  at  no 
great  distance  from  him ;  while  he  keeps  his  eye  on 
the  deck^  the  mast^  the  sails,  or  any  thing  about 
the  ship,  that  is  to  say,  while  he  sees  nothing  but 
^me  part  of  the  vessel  on  board  of  which  he  is,  and 
conseqtiently  every  part  of  which  moves  with  hi;i?, 
he  will  not  perceive  that  the  ship  moves  at  all.  Let 
hinp,  after  this,  look  to  the  shore,  and  he  will  s^e 
the  houses,  trees,  and  hills,  run  from  him  in  a  di- 
rection contrary  to  the  motion  of  the  ves*^^! ;  and 
VUpposing  him  to  have  received  no  previous;  infioraia- 
tion  on  the  subject,  he  might  naturally  cqncludef; 
Jljbat  the  apparent  motion  of'tlie9e  bodies  was  i^eal. 

In  a  similar  situation  to  this,  we  may  conceive  the 
anhabitajits  of  the  earth ;  who,  in  early  times,  knew 
DfOthing  of  the  true  structure  or  laws  of  the  universe; 
9aw  the  sun,  the  stars,  and  the  planets,'  rise  and  set^ 
fud'perferm  aci  8q)pa6ent  yevolution  about,  the  earth. 
They  had  no  idea  of  the  motion  of  the*  earth,  and 
therefore  all  this  appea^*ance  seemed  reality.  But  as 
it  is  highly  reasonable  to.  suppose,  that  as  soon  as 
the  slightest  hint  should  be  given  to  the  man,  of  the 
motion  of  the  vessel,  he  would  begin  to.  form  d  new 
opinion,  and  conceive  it  to  be  more  rational,  tiiat 
so  small  a  thing  as.  a  ship  should  move,  rather  than 
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.all  that  part  of  the  earth  which  was  op6n  to  his  view; 
6o,  in  the  same   manner^  no  sooner   was  an  idcQ 
:  form^  of  the  vast  extent  and  greatness  of  the  uni- 
verse, with  respect  to  this  earth,  than  mankind  b^ 
:  g7.n  to  conceive  it  would  be  more  rational  that  thie 
earth  should  move,  than  the  whole  fabric  of  thte 
.heavens.  ,  .  . 

By  another  &miliar  instance  it  will  be  easy  tjp 
:  shew  the  young  pupil,  that  as  the  eye  do^s  not  per- 
ceive its  own  motion,  it  always  judges  from  appeaF- 
;  ances.     Let  a  person  go  into  a  <*ommon  wi)idmill, 
/and  desire  the  miller  to  turn  the  mill  round,  while 
.  he  is  setting  within,  with  his  eyes  fixed  on  the  uptight 
:  post  in  the  centre  thereof;  this  post,  though  at  rest, 
will  apjpear  to  him  to  turn  round  with  considerabfe 
'yelocity,  the. real  motion  of  tlie  mill  being  the  cause 
-of  the  apparent  motion  of  the.  swivel-post.     Sea- 
;faring  people  are  furnished  with  various  instances  to 
illustrate '  this   subject;   those  who  are  busy  in  the 

•  hold  of  a  ship  at  anchor j  cannot  by  any  jjerception 

•  determine  whether  the  ship  has  swimg  round  or  he* 
;  by  the  turn  of ,  the  tide.  When  a  ship  first  gets 
.uncjer-way  with  a  ligljit  breeze,  she  may  be  going  sft 

a  good  rate,  before  those  who  are  betweai  decks  caft 
perceive  it.  Having  thus  obviated  the  objections 
which  arise  from  the.  testimonv  of  the  senses,  wife 
may  now  proceed  to  consider  the  arguments  which 
tend  more  directly  to  prove  the  motion  of  the 
earth.  f 

All  the  celestial  motions  will,  on  this  supposition) 
^be  incomparably  more  .simple  and  moderate. 
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-  This  opinion  is  much  more  agreeable  to  our  ne« 
tiofns  of  final  causes,  and  our  knpwledge  of  the  ecor 
nofity  of  nature ;  for  if  the  earth  be  at  rert^  and  th^ 
stars^  &C.  move  round  it  once  in  524  hours^  their  ye* 
locity  must  be  immense  ;  and  it  is  jcer^inly  lopre 
agreeable  to  i*eason,  that  one  single  body^.  ^d  that 
one  of  the  smallest^  should  reyolve  on  its  own  axis 
in  24  hours,  than  that  the  whole  universe  should  be 
carried  round  it  in  the  same  time^  with  inconceivr 
able  velocity. 

The  rotation  of  the  earth  round  its  axis  is  analo? 
gous  to  what  is  observed  in  the  sun,  and  n^ost  of  the 
planets ;  it  being  highly  probable  that  the  earthy 
^hich  is  itself  one  of  the  planets^  should  have  the 
j^m^  motion  as  they  have^  for  producing  the  same 
efiect ;  and  it  would  be  as  absurd  in  us  to  .contend 
for  the  motion  of  the  whole  heavens  round  us  in  24 
li6urs,  rather  than  allow  a  diunial  motion  to  our 
globe,  as  it  would  be  for  the  inhabitants  of  Jupiter 
to  insist  that  our, globe  and  the  whole  heavens  must 
.revolve  lound.  them  in  10  hours,  that  all  its  part3» 
mi^t  successively  enjoy  the  light,  rathei:  than  gratidt 
a  diurnal  motion  to  their  habitation. 

All  the  phenomena  relative  to  this  subject,  are  as 
easily  solved  on  the  supposition  of  the  earth's  motion, 
i      as  on  the  contrary  hypothesis. 

Besides  the  forgoing  considerations,  tha^ore  se- 
verrf  argdments  to  be  deduced  from  the  higher  parts 
^ astronomy  f  which  demonstrably  prove  the  diurnal 
motion  of  the  earth. 

Befoce  w«  enter  ifite.%  further  explanation  of  pher. 
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ly  it  witt  be  netOBsary  to  define  some  of  the 
principal  tmctesi  of  thcf  gtob^  The  ifeader  will  eikii^ 
j^faeiid  ftHM^  fuily  tfaesie  definitions,  and  attaiii  matt 
^tobniM^  id^tt  of  the^  circle,  hy  pliK^ing,  Whik  h« 
i$  ttiidS^  Ihaeln,  A  lerit^i^al  globe  or  armilkp^  sphevi 
befoie  biiBi  It  mil}v  ho^eTeFj  be  necedsaty  ti>  pM^^ 
i^9e j  th^t  we  are  sit  1^/ty  to  Appose  a^  tfiany  ei^ 
elefe''*8  we  jpileai^  to  fee  described  on  tfie  earth  •  arid 
the  plane  bf  any  rf  these  to  be  continued  from  th^ 
earth,  until  it  marks  a  corresponding  circle  in  ifie 
<3onttlve'sphere  of  the  heavens.  -        ■ 

Among  these  circles,  the  horizon  fe  fhe  most  frei 
4^ently  named.  Properly  speaking,  there  are  two 
'ciHcles  by  this  name,  biit  distinguished '  frbni  eacft 
'^th^lrf  jkMed  epithets ;  the  one  beirtg  called  the 
Wi^i6/i^, 'the  other  the  rational  korizofi.  "  '■  ' 
-'  In  general  terms,  the  horizon  mdy  be  deflfned  t6 
be  aii  imagiiiary  circle,  that  separate$  the  visihlte 
from  the  invisible  paii:  of  the  heavens.      •      .  ^ 

If  a  spectator  supposes  the  floor  or  plahe  on  which 
•he  ^n^U^  to  be  extended  every  way,  till  it  reach 
Jkbe  Btaifiy  heavens,  this  plane  is  his  sensible  hmixoiu 

The  rational  korizOft  is  a  circle,  whose  plane  tie  > 
.paraUet  to  f he  former,  but  passing  through  the  een^'  ■ 
tretif  thedarth.  ^ 

The  ra/iowa/ AoW^o^  divides  the  con<iaVe  sphere  ^ 
Aa  heaveris  into  tyro  equal  parts,  or  hemispheres  ;  " 
liie  objects  that  are  in  the  upper  hemisphere  will-  bte   . 
.'^sible ;  such  as  are -in  the  Ipwer  hemiiphere  wiH.  be 
invisible  to  the  spectator.  .         .^ 

•    Ihough'  the'^Iobe  of  the  earth*  appeapii  «o  larger 


to  thosei^vlio  inhabit  it,  y^t  it  is  sq  minute  a  tspeA 
when  compared  to  the  immense  sphere  of  the  hea^  ^ 
vens,  that  at  that  cU»taiice  the  planets  of  the  rational 
and  sensible  horizons  coincide ;  or,  in  other  words, 
the  distance  between  them  in  the  sphere  of  the 
heavens  is  too  small  for  admeasarement. 

To  illustrate  this,  let  ABCD,  plaie  3,  Jig.  1, 
tepresent  Ae  earth ;  %hno  the  sphere  of  the  starry 
heaven.  If  an  idhabitant  of  the  eeurth  stand  i^n 
the  point  A,  his  sensible  horizon  is'  se,  his  rational 
^ne  ho  ;  the  distance  i>etween  the  planes  of  these 
two  horizons  is  AF,  the  semi-diameter  of  the  earth, 
which  is  measured  in  a  gr^at  circle  upon  the  sphere 
of  the  heaven,  hy  ihe  angle  eFo,  or  the  arc  eo; 
this  arc,  in  6o  small  acirde,  zhno^  vfovAd  amount 
lo  several  degree,  and  oonsequentiy  the  diflfeicnee 
hetwemi  the  ^(ehsible  and  rational  horizon  would  he 
great  enough  -to  be  measured  by  observation.  If  we 
represent  the  sphere  of  the  heaven  by  a  larger  ciide^ 
the  semi-diamefter  of  the  eatrtfa  AF,  measured  in  this 
circle,  wiH  amount  to  few^r  degrees ;  for  the  arc 
£0  is  less  than  the  are  et? ;  and  the  laiiger  the  spfaem 
ef  the  heaven  is,  in  proportion  to  the  |^obe  of  the 
earth,  the  less  sensible  is  the  difl^nce  hjetween  the 
two  hprijEons.  Now,  as  the  sphere  of  the  earth  is 
but  as  a  point  when  compared  to  tiie  stany  heaven, 
tiie^i^ference  between  the  sensible  and^ratioaal  ho- 
rizon will  be  insensible. 

From  what  has  been  said^  it  appears  that  die  only 

the  seniibie  and  i«tional  iiorieoii^ 
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arises  from  the  distance  of  the  object  we  afC 

ing  at.      '  /•  ' 

The  sensible  horizon  is  an  iniaginaiy  circle,  which 
terminates  our  view,  when  the  pbjects  we  are  looking 
at  are  upon  the  earth's  surface. 

TTie  rational  horizon  is  an  imaginary  circle,  which 
terminates  our  view,  when  the  objects  we  are  look- 
ing at  aY-e  as  remote  as  the  heavenly  bodies. 

As  the  rational  horizon  divides  the  apparent  cele»^ 
tiali  sphere  into  two  equal  hemispheres,  and  serves  as 
a  boundary,  from  which  to  measure  the  elevation  or 
depression  of  celestial  objects ;  those  in  the  upper, 
or  visible  hemisphere,  are  said  to  be  high,  or  eie- 
vated  above  the  horizon;  and  those  in  the  other 
hemisphere  are  called  low,  or  below  the  horizon. 

The  earth  being  a  spherical  body,  the  horizon,  or 
limitj}  of  our  view,  must  change  as  we  change  our 
place ;  and,  therefore,  every  place  upon  the  earth  has 
a  different  horizon.  Thus,  if  a  man  lives  at  a,  plate 
^9  fiS'  ^f  his  horizon  is  GC  ;  if  he  lives  at  b,  his 
horizon  is  HD ;  if  at  c,  it.is  A^.  From  hence  we 
obtain  another  proof  of  the  sphericity  of  the  earth ; 
for  if  it  were  fiat,  all  the  inhabitants  thereof  would 
have  the  same  honzoni. 

.  The  point  in  the  heavens,  which  is  directly  over 
the  head  of  a  spectator,  is  called  the  zenith. 

That  point  which  is  directly  under  his  feet,  is 
called  the  nadin 

\  If  a  ma;n  lives  at  a  plate  3,  j%  9,  his  zenith  is 
j^r  his  nadir  E ;  if  he  lives  at  by  his  asenith  is  B^ 
his  nadir  F»     Con^quentlj/c,  the  zenith  and  horizon 
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hf  an  observer  remain  fixed  in  the  heavens,  so  long 
as  he  continues  in  the  ^ame  place ;  but  he  no  soonei^ 
changes  his  position,  than  the  horizon  touches  the 
e5.rth  in  another  point,  and  his  zenith  answers  to  a 
different  point  in  the  heavens,-  • 

The  axis  of  the  earth  is  an  imaginary  line,  con- 
ceived to  be  drawn  through  the  centre  of  the  earth,' 
upon  which  line  its  revolutions  are  made. 

The  poles  of  the  earth  are  the  extremities  of  its 
axis,  or  those  two  points  on  its  surface,  where  its 
axis  terminates  ;  one  of  these  is  called  the  norths  and 
the  other  the  soi$th  pole.  TTie  poles  of  the  heavens; 
or  of  the  world,  are  those  two  points  in  the  heavens, 
where  the  axis  of  the  earth,  if  produced,  would  ter-; 
minate ;  so  that  the  north  pole  of  the  heavens  i* 
exactly  over  the'  north  pole  of  the  earth,  and  tlie 
W)uth  pole  of  the  heavens  is  directly  over  the  soutK 
pole  of  the  earth. 

The  equator  is  an  imaginary  circle,  which  is  sup- 
posed  to  be  drawn  round  the  earth's  surface,  in  th^ 
middle  between  the  two  poles.  It  divides  the  earth 
into  two  equal  parts;  one  of  which  is  called  the 
northern^  the  other  the  southern  hemisphere. 
'  If  we  suppose  the  plane  of  the  earth's  equator  to 
be  extended  all  waj^  as  far  as  the  heavens,  it  will' 
mark  there  a  circle^  that  will  divide  the  heavens  into- 
two  equal  parts ;  this  circle  is  called  sometimes  the 
equinoctial,  sometimes  the  celestial  equator. 

The  meridian  of  any  place  is  a  circle  supposed  to 
pass  through  that  place  and  the  poles  of  the  earth ; 
we  may  therefore  imagine  as  many  meridi^ins  as  there 

C4 
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are  places  upon  the  earthy  because  any  place  that  is 
cyer  so  little  to  the  east  or  west  of  another  place, 
has  a  different  meridian/ 

By  the  foregoing  definition,  we  see  that  the  mte- 
ridian  of  any  place  is  immoveably  fixed  to  that  place, 
and  carried  round  along  with  it  by  the  rotation  of 
the  ^arth.     The  meridian  marks  upon  the  pliane  of 
the  horizon  the  north  and  south  points. 

The  circle  which  the  sun  appears  to  describe  every 
year,  in  the  concave  sphere  of  the  heavens,  is  called 
the  eciipfic.  It  is  thus  denominated,  because,  in  all 
.  eclipses,  the  moon  is  either  in  or  near  the  plane  of 
it.  But  as  the  earth  moves  round  the  sun,  in  the 
plane  of  the  ecliptic,  it  is  likewise  the  plane  of  the 
earth's  orbit.  ^    ^ 

If  we  conceive  a  zone,  or  belt,  about  sixteen  de- 
grees broad,  in  the  concave  sphere  of  the  heaven, 
with  the  ecliptic  passing  through  the  middle  of  it, 
thi«  zone  is  called  the  zodiac.  The  stars  in  the  zo- 
diac were  divided  by  the  ancients  into  twelve  equal 
parts  or  signs,  to  correspond  with  the  months  of  the 
year ;  and  because  the  number  twelve  with  them 
was  always  expressive  of  fulness  or  completion,  it 
is  used  in  that  sense  in  sacred  writ.  The  signs  are 
named,  Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo, 
Libra,  Scorpio,  Sagittarius,  Capricomus,  Aquarius, 

Pisces. 

*,  • .  • 

We  may  imagine  «s  many  circles  as  we  jrf^ase 
dr^Wn  on  a  globe,  parallel  to  the  equator,  and  these 
will  decrease  in  their  diameter  as  they  appiroach 
Hearer  the  polesr.     The  tropics  are  two  leiiscr  cir- 
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eles  of  this  ktnd>  parallel  to  the  te^uotair,  aad  2Sid^ 
grees  distant  from  it ;  one  in  the  northern  hiemii^ 
sphere,  which  b  called  the  tropic  of  Cancer ;  the 
other  in  the  soudiem^  whi<^  is  called  the /^^ic  ojf 
Capricorn.  If  we  conceive  the  jduies  of  ittiJese  cir^ 
des  expanded^  till  they  reach  the  stamry-  heaven,  die 
lun  will  be  seen  to  move  in  diat  cinde  which  oor- 
respondis  to  the  tropic  of  Cakicer  on  the  longest 
tammer's  day ;  and  in  that  circle  which  answers  to 
the  tjx^ic  of  Capricorn  on  the  shortest  wint^V 
ilay. 

The  polar  circles  are  two  lesser  circles,  conceired 
to  be  described  at  23  r  degrees  distance  from  each 
pole. 

The  axis  of  the  earth  is  inclined  to  tiie  plane  of 
the  ecliptic,  and  makes  with  it  an  angle  of  66t  de- 
grees ;  therefore,  the  plane  of  the  earth*fi|  equator 
cannot  coincide  with  the  plane  of  the  ecliptic ;  biit 
these  two  planes  make  with  one  another  an  angle  of 
SSt  degrees. 
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The  foregoing  definitions  being  understood,  w* 
ttiay  now  proceed  in  the  description  of  the  pheno- 
mena of  our  system.  It  is  owing  to  the  industry  of 
modern  astronomy,  that  the  annual  m6tion  of  the 
^rth  hats  been  fully  evinced  ;  for,  though  this  mo- 
tion %id  been  known  to,  and  adopted  by,  many 
among  the  ancient  philosophers,  yet  they  were  not 
aWe  to  give  their  opinions  that  degree  of  probability^ 
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which  19  attainable  from  modem  discoveries  ;  madhr 
less  the  evidencs  arising  from  those  demonstrative 
proofs j  .of  which  we  are  how  in  possession.  We 
shaSly  th^pefdre^  enumerate  some  of  the  reasons 
which  induce  astronomers  to  believe  that  .the  eartb 
moves  round  the  sun ;  and  then  explain  further  the 
nature  of  this  motion^  calculated  to  afford  us  the 
iiseful  and  delightful  variety  of  the  seasons^  the  mu-^ 
tual  allay  of  immoderate  heat  and  cold^  as  also  fat 
the  successive  growth  and  recruit  of  vegetation. 

The  celestial  motions  become  incomparably  more 
simple,  and  free  from  thlese  looped  contortions  which 
must  be  supposed  in  the  other  case ;  and  which  arci 
not  only  extremely  improbable,  but  incompatible 
with  what  we  know  of  motion. 

This  opinion  is  also  more  reasonable,  on  account 
of  the  extreme  minuteness  of  the  earth,  when  com- 
pared, with  the  immense  bulk  of  the  Sun,  Jilpiter,. 
and  Saturn ;  and  there  are  no  known  laws  of  motion, 
according  to  which  so  great  a  body  as  the  sun  can: 
revolve  about  so  small  a  one  as  txie  earth. 

The  sun  is  the  fountain  of  light  and  heat,  which 
it  darts  through  the  whole  system  ;  it  ought,  there- 
fore, to  be  in  the  centre,  that  its  influence  may  be 
regularly  diffused  through  the  whole  heavens,  and 
-communicated  in  just  gradations  to  the  whole  system.^ 

When  we  consider  the  sun  as  the  centre  of  the 
system,  we  find  all  the  bodies  moving  round  it,  agree-* 
,able  to  the  universal  laws  of  gravity:  but  upcna  awy 
oth^r  consideration  we  are  left  in,  the  dark* 

The  motion  of  the  qarth  round  the  sun  accotidb. 
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"writh  that  general  harmony  and  universal  law,  ^ici| 
all 'the  other  moving,  bodies  in  the  i^stem  pbserve; 
namely,  that  the  squares  of  the  periodic  timeiUirejaM 
ike  cube^  of  the  distances ;  but  if  the  sun  movev 
round  the  earth,  that  law  is  destroyefd,  and  the  gene^ 
ral  order  of  symmetry  in  nature  interrupted* 
.  It  is  incontestibly  proved  by  observation,  a  motion 
having  been  discovered  in  all  the  fixed  stars,  which 
arises  from  a  combination  of  the  motion  of  light  with 
the  motion  of  the  earth  in  its  orbit. 

It  will  be  clearly  shewn  in  its  place,  that.Venui 
and  Mercury  move  round  the  sun  in  prb^its  thatait^ 
between  it  and  the  earth ;  that  the  orbit  of  the  earth 
is  situated  between  that  of  Venus  and  Mars ;  and 
that  the  orbits  of  Mars,  JujJiter,  &c.  are  exterior  to, 
and  include  the  other  thre^. 


OF  THE   APPARENT    MOTION   OF    THE  V^UN,     AEISlNfif 
FROM   THE  earth's   ANNUAL   MOTION -ROUm   IT. 

As  when  a  person  sails  along  the  sea-coast,  the 
iphpre,  the  villages,  and  other  remarkable  places  on 
land,  appear  to  change  their  situation,  and  to  pass  by 
him  ;  so  it  is  in  the  heavens.  To  a  spectator  upon 
the  earth,  as  it  moves  along  it§  orbit,  or  sails  as  it 
Y^re  through  celestial  space,  the  sun,  the  planets, 
and  the  fixed  stars,  appear  to  change  thdr  places* 

Apparent  change  of  place  is  of  two  sorts ;  the  one 
is  that  of  bodies  at  rest,  the  change  of  whose  place 
ciep^Jids  solely  on  that  spectator ;  the  other  is  that  of- 
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bodies  in  motion^  whose  lappament  change  of  plaee  df^ 
fiends  a§  well  on  their  own  motion^  as  on  that  of  the 
ipeetator. 

We  shall  first  consider  only  that  apparent  change 
tirhieh  takes  place  in  those  which  are  at  rest,  and 
which  is  owing  wtoHy  to  the  motion  of  the  earth ;  and 
Aiew  that  fhe  sun,  when  seen  from  the  ea^h^  will 
ippear  to  move  in  the  same  manner,  whether  it  re- 
ifoJves  round  the  earth,  or  whether  the  earth  revolves 
^und  the  smi*      Let  us  supp6se  the  earth  at  rest, 
without  any  motion  •  of  its  own,  and  let  the  sun   be 
suj)posed  to  revolve  round  it  in  the  orbit  ABCD, 
fiate  4^  Jig.  I ;  and  let  EFGH  be  a  circle  in  the  con- 
i»vfe  sj)here,of  the  starry  heavens;  as  the  sun  moves 
in  tEe  order  of  the  letters  ABCD  in  its  orbit,  it  will 
appear  to  a  spectator  on  the  earth  to  have  described 
the  circle  EFHG»     When  the  sun  is  at  A,  it  will 
appear  as  if  it  was  among  the  fix^d  stars  that  are  at 
E  J  when  it  is  at  B,  it  will  appear  among  tlie  fixed 
alafrs^  aft  T  ;  when  at  C,  among  those  at  H ;  and  when 
it  is  at  D,  it  will  appear  among  the  fixed  stars  at  G* 
Indeed,  the  fixed  stars  ?ind  the  sun  are  not  seen  at 
the  same  time ;  but  we  have  shewn,  that  we  may 
tell  in  what  part  of  the  heavens  the  sun  is,  or  what 
fixed  stars  it  is  near,  by  knowing  those  which  are 
opposite  to, it,  or  come  to  the  south  at  midnight* 
Therefore,  if  we  find  that  any  set  of  stars,  as  those 
at  G,  for  instance,  come  to  the  south  at  midnight, 
we  may  be  sure  tjiat  they  are  opposite  to  the  sun  ; 
and,  t9nsequentiy,  if  w^  could  s^  the  stars  in  that^ 


yJBurt  of  the  beaven  wher^  liiesiixi  i%  we  should  &iA 
tikkem  to  be  those  at  F. 

^  Secondly,  let  us  suppose  that  S  is  the  sfm^  hmag 
lid  motion  of  its  own ;  that  it  rests  within  the  ^Mt 
ABCD^  in  which  we  shall  now  suppose  the  earth  to 
waovey  in  the  order  of  the  letters  ABCD«  Upon  tiw 
supposition,  when  the  earth  is  at  A,  the  sun  will  apu 
pear  in  that  part  oi  the  heavens  where  the  stars;,  fi^ 
are ;  iVhen  the  earth  is  at  B,  the  sun  will'  appear  in 
that  part  of  the  hearens  where  the  stars,  G^  ar^ ; '  wfaefi 
the  earth  is  at  C,  the  sun  wiU  appear  in  that  put  ^rf 
the  heavens  where  the  stars,  E,  are ;  and  as  the  eai1% 
revolves  round  the  sun  in  the' orbit  ABCD,  thelMiii 
will  iaippear  to  a  spectator  on  the  earth  to  destf  ihe  thft 
circle  GHER  ,  .    I    > 

ThiW,  whether  the  earth  be  at  rest^  and  the  s&tk 
ferolve*  in  the  orbit  ABCD ;  or  the  sun  be  at  test, 
nnd  the  earth  revolves  in  the  same  orbit,  a  t^)ectator 
on'  dhe'  earth  will  see  the  sun  describe  the  same  cii»* 
We  EFGH,  in  the  concave  sphere  of  the  heavens,  ' 
•  fience,  if  the  plane  of  the  earth's  orbit  be  imagin- 
fed-to  -be  extended  to  the  heavens,  it  would  cut  the 
$tany  ftrmfement  in  that  very  circle,  in  which  a  speo- 
tator  in  the  sim  would  see  the  earth  revolye  eveijr 
year ;  while  an  inhabitant  of  the  earth  would  observe 
the  sun  to  go  through  the  same  circle,  and  in  the  same 
€pace  of  thne,  that  the  .solar  spectator  would  see  the 
earth  describe  it. 

The   inhabitants  of  all  the  other  planets  will  oh- . 
serve  just  such  motions  in  the  sun  as  we  do,  and  for 
the  very  ^same  reasons  ;    and  thef  sun  will  be  seeh. 
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/from  eiipry  planet  to  describe  the  same  circle,  and  ia 
theisame  space  of  time,  that  a  spectator  in  the  ^un 
;wbuld  observe  the  planet  to  do.  For  example,  aa 
inhabitant  of  Jupiter  would  think  that  the  sun  re* 
^volved  round  him,  describing  a  circle  in  the  heavens 
.in  the  space. of  twelve  years :  this  circle  \^ould  not 
he  the  same  with  our  ecliptic,  nor  would  the  sun  ap- 
,pear  to.  pass  through  the  same  stars  which  he  does  ta 
jis.  On  the  same  account,  the  sun,  seen  from  Saturn^ 
iWiU  appear  to  move  in  another  circle,  distinct  froim 
'ieitber  of  the.  former ;  and  will  not  seem  to  finish  hip 
Iperiod  in  les^  time  than  thirty  years.  Now^  as  it  is 
j)iDpossib}ei  that  the  sun  can  have  all  these  motions 
^ally  in  itself  we  naay  safely  affirm^  that  none  of 
them  are  reri,  but  that  they  are  ail  apparent,  an4 
j^rise  from  the  motions  of  the  respective  planets. 

One  phenomenon  arising  from  tiie  annual  mptioa 
-of  the  ear};h^  whith  has  already  bcicn  slightly  touched 
upon,  may  now  be  more  fully  explained ;    for  as 
from  this  motion  the  sun  appe^Crs  to  move  from  weis$ 
i^  east  in  the  heavens,  if  a  star  rises  or  sets  along 
,'With  the  sun  at  any  time,  it  will,  in  the  course  df  $ 
few  days,  rise  or  set  before  it ;  because  the  sun's  ap- 
parent place  in  the  heavens  will  bq  removed  to  t\ie 
•eastward  of  that  star.     Hence,  those  stars^  which  at 
•one  time  of  the  year  set  with  the  sun,  and  therefore 
:do  not  appear  at  all,  shall,  at  another  time  of  the 
>^  year,  rise  when  the  sun  sets,  and  shine  all  the  nights 
^nd  as  any  one  star  shifts  its  place  with  respect  to 
the  syn,  and  in  consequence  of  that  with  respect  to 
ttie  hour  of  the  nightj,  so  do  all  the  rest.     Hence  it  is 
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fdiat  all  those  istars/whkh^  at  one  time  of  the  yeai*^ 

.^appear  on  any  one  sid^  of  the  pole-  star  in  the  even^ 

ing,  nhall  in  half-a-year..  appeafr  on*  the' contrary  sid^ 

rtl]ereo£  '"■'•  ''•-   :  f-       >• 

/  •    I  *  •     » 

^r  PHVNOMSNA    OCCAStOJNfED    BT  TA£  ANNUAL  AND 
DIURNAL  'motions  OF  THE,  £AJEtT&. 

*     .      •  '  ■      '  '  '  ■• 

First,  of  those  that  aris^  from  the  diurnal  motion* 
As  the  earth  is  of  a  spherical  figure,  that  part  of  it, 
iw^hich  comes  at  any  time  under  the  confined  view  of 
an  observer,  will  seem  to  be  extended  like  a  plane  ; 
and  the  heavens  will  appear  as  a  concave  spherical 
superficies,  divided  by  the  aforesaid  plane  into  tw9 
"equal  parts*;  one  of  which  is  visible,  the  other  con^ 
cealed  from  us  by  the  opacity  of  the  earth. 
,   ,  Now  the  earth,  by  its  revolution  round  its  Bxi^y 
carries  the  spectator  and  the  aforesaid  plane  from 
west  to  east;  therefore,  all  those  bodies  to  the  oast^ 
Vvhich  could  not  be  seen  because  they  were  below  the 
plane  of  the  horizon,  will  become  visible,  or  rise 
^bove  it,  when,  by  the  rotation  of  the  earth,  the  ho- 
rizon sinks  as  it  were  below  thetn.      On  the  pther 
liand,  the  opposite  part  of  the  plane  towards  the  west, 
rising  above  the  stars  on  that  side,  will  hide  thenj 
from  the  spectator,,  and  they  will  appear  to  set,  or  gQ 
below  the  horizon. 

As  the  earth,  together  with  the  horizon  of  ^the 

spectator;  continues  moving  to  the  east,  and  about 

'  •'  '    '  '         '   '        .        '  .  .    * 

*  See  pn^e  68  of  these  Essays. 
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th^  s^me  %xis^  ali  sttch  bodks^  9s  are  separated  from 
the  qarth^  iM:Mi  whtcb  4o  not  part^r  of  that  motioa, 
win  s^m  to  may^  unllbrKilyia  tbe  same  tiine>,l>ut 
in  an  opposite  direction ;  that  is^  from  east  to.  wesi;; 
excepting  the  celestial  poles,  which  will  appear  to  be 
at  rest.  Therefore,  when  we  say  that  the  whole  con- 
cave sphere  of  the  heafens  appears  to  turn  round 
upon  the  afxin  of  the  worfdj  whilst  the  earth  is  per^ 
forming  one  rotation  upon  its  own  axis^,  we  must  be 
understood  to  except  the  two  poles  of  the  world ;  for 
these  do  not  partake  of  this  apparent  motion. 

It  is,  therefore,  on  account  of  the  revolution  of  the 
earth  round  its  axis,  that  the  spectator  imagines  the 
whole  starry  firmament,  and  every  point  of  the  Kea- 
ven,  excepting  the  two  celestial  poles,  to  rjevolve  about 
the  earth  from  east  to  west  every  twenty-four'  Hours; 
each  point  describing  a  greater  or.  lesser  circle^  as 
it  is  more  ox .  less  remote  from  one  oi  the  celestisd 

• «      '  ;   '  /         "    J 

•  .  -»  '  .  .     .  I  * 

poles. 

The  earth  \%  made  to  revolve  on  its  axis,  in  order 
tp  give  alternate  night  and  day  to  every  part  of  \t% 
surface. 

Although  every  place  on  the  surface  is  illuminated 
by  all  the  stars  whicji  are  above  the  horizon  of  that 
place,  yet;,  when  the  sun  is  above  the  horizon,  his 
light  is  so  strong,  that  it  quite  extinguishes  the 
faint  Hght  of  the  stars,  and  produces  day.  When 
the  sun  goes  below  the  horisson,  or,  more  properly, 
when  our  horizon  gets  above  the  sun,  the  stars  give 
their  light,  and  we  are  in  that  state  which  is  called 
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Now,  as  the  earth  is  an  opake  spherical  body,  at 
a  great  distance  from  the  sun,  one-half  of  it  will  al- 
ways be  illuminated  thereby,  while  the  other  half 
will  remain  in  darkness, 

The  circle  which  distinguishes  or  divides  the  il- ' 

luminated  face  of  the  earth  from  the  dark  side,  and  is 

the  boundary  between  light  and  darkness,  i^generally 

called  the  terminator,     A  line  drawn  from  the  cen- ' 

tre  of  the  sun  to  the  centre  of  the  earth,  is  perpendi- ' 

cular  to  the  plane  of  this  circle. 

'  It  is  plain  that,  wh^n  any  given  place  on  the  globe 

first  gets  into  the  enlightened  hemisphere,  the  sun ' 

is  just  risen  to  that! 'part;  when  it  gets  half-way,  or 

*         ■  •*♦ 
to  its  greatest  distance  from  the  terminator,  it  is  then 

noon ;  and  when  it  leaves  the  enlightened  hernia 

sphere,  it  is  then  sun-set. 

Here  it  Will  be,  necessary  to  premise  a  few  consi- 
derations :  First,  that  on  account  of  th^  immense 
distance  of  the  sun  from  the  earth,  the  rays  which 
proceed  from  it  niay  be  considered  as  par/illel  to  each 
other.  Secondly,  that  only  owe-Aa^*  of  a  globe  can 
he  illuminated  by  parallel  rays;  and,  therefore,  only 
one-half  of  the  earth  will  be  enlightened  by  the  sun 
at  one  time^ 

These  considerations  will  be  rendered  more  forci- 
ble, by  an  attentive  survey  of^g.  1,  plate  5  ;  in  which 
S  represents  the  sun,  from  whom  we  Suppose  parallel 
rays  to  flow  in  all  directions.  At  A,  B,  C, '  are  re- 
presented  three  different  positions  of  the  globe  of  the  » 
earth,  the  bright  part, being  that  which  is  illuminated  ^ 
by  the  rays  proceeding  from  the  sun  ;    th^  shaded 
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p^y  the  portion  of  the  globe  which  is  in  darkness ; 
of  courbe,  the  line  TT  is  the  termini^tor^  or  boundary 
c^  light  ^nd  darkness. 

In  the  globe  at  C,  the  poles  coincide  with  the  ter- 

,  In  th^  globe  at  A,  the  north  pole  N  is  in  the  en- 
lightened portion,  and  the  south  pole  in  the  d^j^rk; 
hemisphere ;  while,  in  the  opposite  globe,  at  B,  the 
southern  pole  S  is  in  the  illuminated  part,  and  the 
north  pole  in  obscurity* 

\t  is  evident,  that  it  \s  day  in  any  given  place  pn 
the  glofa^,  so  long  as  that  place  co|itinues  in  the  en-< 
lightened  hemisphere ;  but  when,  by  the  diurna| 
rotation  of  the  earth  on  its  a^:i^i«,  it  is  carried  iuto  the. 
dark  biemisphere,  it  becomes  n^ght  to  that  place. 

The  length  of  the  day  and  the  night  depend.,  tkere^ 
fore^  on  the  positipn  of^hfi  terminator rWit^  respect 
to  the  axis  of  the  earth. 

If  the  poles  of  the  earth  be  situa.ted  in  the  termi* 
njator,  as  at  C,  every  parallel  will  bje  divided  ii^to  two 
equal  parts  j  and  as  the  uniform  motion  of  the  ^rth 
causes  uny  given  place  to  describe  equal  parts  of  its 
parallel  in  equal  times,  the  day  and  the  night  would 
be  equal  on  jevery  parallel  of  latitude;  that  is,  all 
over  the  glpbe,  except  at  the  poles,  where  the  sun 

would  neither .  rise  nor  set,  but  continue  in  the  ho»* 

<  <  k 

rizon. 

But  i^  as  at  A  and  B,  the  axis  be  not  in  the  plan^ 
of  the  terminator,  the  terminator  will  divide  the 
equator  into  two  equal  parts,  but  all  the  circles  paral* 
Invito  it  into  unequ«|,l  parts;  those  circles  that  are 
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situated  toward  the  enlightened  pole,  will  have  a 
greater  jwtrt  of  their  circunnference  in  the  enlight- 
ened than  in  the  dark  hemisphere ;  while  similar 
parallels  towards  the  other  pole,  will  havfe  the  great-* 
er  part  of  their  circumference  in  the  dark  hemi*^ 
sphere.  Whence  it  follows,  that  the  first-mentionecl 
parallels  will  enjoy  longer  days  than  nights !  and  the 
contruy  will  happen  to  the  latter,  where  the  days 
will  be  the  shortest,  and  thfe  ni^ts  the  longest ; 
while,  at  the  equator,  the  days  will  always  be  of  th^ 
same  length. 

Having  shewn,  that  the  vicissitudes  in  th^  tengdi 
df  the  days  and  nights  are  occasioned  by  the  position 
itf'the  terminator  with  respect  to  the  axis  of  the  earth, 
I  have  ttoi;^  only  to  explain  what  occasions  thos^' 
various '  positfbns ;   wht^h  is  the  more  important?,' 

as  on  these  depetui  the  diversity  in  the  seasons- 
of  the  yew.   -  ■.:-.'•'/•- o.  '•.    • 


•:       •.  ..-  r 
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In  considering  this  subject^  you  will  find  further . 
proofs  of  that  uivin^  wisdom  which  pervades  all 
the  works  of  God  ;  and  see  that  no  other  conforma- 
tion  of  the  system  cbuld  have  given  such  commo- 
dious distributions  of  light  and  heat,  or  imparted 
fertility  and  pleasure,  to  so  great  a  part  of  the  revolv- . 
ingglobe.  .  . 

The  changes  in  the  position  of  trie  terminator  are 
occasioned — 1 .  By  the  inclination  of  the  earth's  axis , 
t»  the  plane  of  the  ecliptic,  or  orbit  m  which  it 

W2 
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moves.--^  2.  Because,  through  the  whole  of  its  anuual 
coarse,  the  axis  of  the  earth  preserves  its  position, 
or  continues  parallel  to  itself ;  that  is,  if  a  lin^  he 
conceived}  9S  .drawn  parallel  to  the  axis,  while  the 
earth  is  in  any.  one  point  of  its  orhit,.the  axis  will^ 
in  every  other  position  :of  the  ea^h^  be  parallel  to  the 
said  line*  ,  • 

It  must  be  evident  to  you,  that  the  ps^rallel^na  of 
the  axis  must  occasion-considerable  difFerenpes . .    By 
a  bare  inspection  of  the  globes,  A,  B,  plqie  6,j%.  1^^ 
you  will  see  that,  when  the  earth  is  in  one  position, 
of  its  orbit,  the  north  pple  will  be  turned  towards  the  ~ 
sun  f  but,  in  the  opposite  part,  will  be  tui;i>ed  from, 
h^m.     But  the  absence  of  the  sui[i's  light  prpducejs  ^ 
proportionable  degree  of  cold ;  h^cethe  s^a^nsare^;^ 
i^^tihe  northern  and  soutii^ri;i  parts  of  thp  glob^.^is- 
tinctly  marked  by  ,  difl^^rent ;  degrees  ,of  h^at  ^ntl , 
cold.     It  is  this  annual  turning  of  the  po^s  to^^^^fdpr. 
the  sun,  that  occasions  the  very  long  days  in  the 
northern  and  southern  parts.      It  is  owing  to  the 
same  cause/  that  the  siili  seems  to  rise'  higher  in  the 
heavens  (faring  summer  than  in  wipter;  and  this  al- 
ternate sinkiriij  arid  rising  is  perceptible  over  the 
whole  globe. 

^li^  the  aifis  of  the  earth  ;sv^re  perpendicular  jto  the 
plane  of  its  orbit,  the  equator  and  the  orbit  (or  eclrp- 
tic),  would  foiricidie  ;'and  as  the  sun  is  always  m  the 
plane  of  the  ecliptic,  it  would,  in  this  case,  be  al- 
ways over,  the  equator,  ag  at  C,  Jig.  1,  and  the  ts^o 
poles  would  be  in  the  teripinitoj" ;  and  there  would 
bQ  hp  diversity  in  the  days  and  nights,*  anJBut  one 
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sea&on  of  the  year ;  Jbut^  as  this  is  not  the  case^  we 
may  fairly  infer,  that  the  axis  of  the  earth  is  not  per- 
pendicular to  the  plane  of  its  orbit. 

But  if  the  earth's  axis  be  inclined  to  the  plane  of 
the  ecliptic,  when  the  earth  is  in  the  situation  re- 
presented at  A,  plate  5,  Jig.  1 ,  the  pole  N  will  be 
towards  the  sun,  and  the  pole  S  will  be  turned  from 
it ;  but  just  the  contrary  will  happen,  when  the 
€arth,  by  going  half  round  the  sun,  has  arrived  at  B, 
the  opposite  point  in  its  orbit.  H^nce  the  sun  will 
Hot  always  be  in  the  equator,  but  at  one  time  of  the 
year  it  will  appear  nearer  to  one  of  the  poles,  and  at- 
the  opposite  season  it  will  appear  nearer  to  the  other. 
Here,  then,  you  find  a  cause  for  the  change  of  the 
seasons ;  for,  when  the  sun  leaves  the  equator  and 
s^proaches  to  one  of  the  poles,  it  will  be  summer  on 
that  side  of  the  equator ;  and  when  the  sun  departs 
from  thence,  and  approaches  to  the  other  pole,  it  will 
be  winter. 

These  ideas  may  be  strengthened,  and  a  clearer 
notion  obtained  of  the  effect  produced  by  the  incli- 
nation of  the  earth's  axis,  by  considering^g*.  2,  plate 
by  in  which  the  ellipsis  is  supposed  to  represent  the 
earth's  orbit,  the  eye  somewhat  elevated  above  the 
plane  thereof.  The  eartJi  is  here  represented  in  the 
first  ^int  of  each  of  the  twelve  signs  of  the  ecliptic, 
as  marked  in  the  figure,  with  the  twelve  correspond- 
ing months  annexed ;  P,  the  north  pole  of  the  globe ; 
Pm,  its  axis,  round  which  the  earth  performs  its  di- 
urnal revolution  from  west  to  east ;  thiiS  axis  is  ex- 
hibited as  parallel  to  itself  in  every  part  of  theotbitj 
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l^E  shews,  the  a,agle  of  its^  inclination ;  e,  the  pole  y 
edf  the  axis  of  the  ecKptic>  perpendicular  to  the  plane 
of  the  orbit, 

.  In  March^  ^hen  the  e^Tth  ia  in  the  first  point  of 
Libnij  the  sun  appears  in  the  o^po^ile  point  of  the 
ecKptic  at  Aries.  In  Septemh^>  when^fehe  earth  iai 
in  the  first  point  of  Aries^  the  sun  will  be  in  lihiau 
At  these  times,  the  tei:minator  passes  through  the 
pole&of  the  world,  and  divides  every  parallel  infect 
tw^equal  parts  (s^e  C>,^-  l);  conseq^ueatly,  tiie 
nocturnal  and  diurnal  arcs,  or  the  length  of  day  and 
n%ht,  will  be  equal  in  ajl  places  4>veT  the  Wiorld. 

Conceive  the  earth  to  havei  moved  from  Libra.  tOr 
Capricorn  in  June,  the  axis,  Td,  pi^serving  itsk 
parajklisin  by  this-  niption^  the  north  pole  will  bav^. 
gradually  advanqi^d  into  the  enlightened  hemis}dsiere  ; 
SQ  that  Uifi  whpte  ^rthern  polar  circle  will  he  therein^ 
\i(hile  the  southmi  pole  is  immei^ed  in  obscurity ; 
the  northern  parts  of  the  world  will  enjoy  long  d^s,. 
while  they  are  short  in  the  southern  parts.  Whule 
the  earth  is  ipoying  ffom  Libra  tbrojigh  Capacwn 
to  Aries,  the  north  pple  remains  in  the  illuminated  - 
hemisphere,  and;  will  therefore  have  six.montiis  eonr 
tinual  day. 

Uujt^  in  thi?  othei;  h^l^-year,  while  the  earth  is  mov- 
ing from  Afies  through  Cancer  to  Libra,  the  north 
pole  is^  tui;n^4  ^otfi  the  sun^  and  therefore  in  dark- . 
ness ;  bi^jt  the  i^outh  pole  is  in  the  illuminated  hernia 
spt^ere.  When  the  earth  is  at  Canceir,  the  sun.  is 
at  Capricorn ;  at  this  season  the  nights  to  us  will 
a^^mu^h  expeed  the  days,  as  the  days  exceeded  the. 
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nights,  when  the  earth  was  in  the  opj>ositfe^p6irit  of 
her  orbit.  ^ 

From  thje  foregoing  explanation,  it  is  easy  to  per- 
ceive that  the  inhabitants  of  the  southern  hemisphere 
have  the  dam6  vicissitudes  with  those  of  the  northern, 
ttiough  not  at  the  same  time ;  it  being  winter  in  one 
hemisphere,  \*hen  it  is  summer  in  the  other. 

J'roiti  what  has  been  said  you  must  have  perceived 
that,  duriilg  the  course  of  the  earth  through  her  or- 
bit, thete  are  four  days  particularly  to  be  remarked ; 
these  astronomers  have  distingi\ished  by  the  names 
of  the  solstitial  and  equinoctial  days.  The  solstitial 
days  are  those  on  which  the  siiri  appears  most  to  the 
northward  and  southv^ard ;  the  equinoctial  days  are 
ifhdse  oh  wfiich  he  appears  in  the  equator,  and  the 
days  are  eqtial  to  the  nights. 

* 

The  aYihual  motion  of  flie  earth  Occasions  a  daily 
appa[rent  change'  in  the  declination  of  the  sun^ 
Thus,  about  the  22nd  of  December,  when  the  eartli 
is  in  Cattc^r,  the  sun  will  be  over  the  tropic  of  Ca- 
pi*ic6rtif ;  and,  consequently,  by  the  earth's  rotation 
^n  its  aiis;  th6  inhabitants  of  every  part  of  this  cir- 
cle iVill  su6cessively  hjive' the  sun  iii  tli*ir  zenith  \  or, 
in  other  words,  he  will  be  vertical  to  them*  that  day 

4t  noon  • 

About  the  21sf  of  March,  the  tarth  is  at  Libra, 
and  the  sun  will  then  appear  in  Aries ;  a  central 
solar  ray  Will  terminatia  upoiv.the  surface'  of  the 
earth  in  the  equator ;  and,  therefore,  the  sun  ap- 
pears to   be  carried   round  the    celestial  equatotyv 
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and  IS  successively  vertical  to  those  who  live  under 
that  circle. 

About  the  21st  of  June,  when  the  earth  is  in  Ca- 
pricorn, a  central  solar  ray  terminates  on  the  surface 
of  the  earth,  in  the  northern  tropic ;  and,  for  that 
day,  the  sun  appears  to  be  carried  round  in  the  tropic 
of  Cancer,  and  is  vertical  to  those  who  liyie  under 
that  circle.  About  the  22nd  of  September,  the 
earth  is  in  Aries,  and  the  sun  in  Libra,  and  the  cen- 
tral solar  ray  again  terminates  at  the  equator  ;  con- 
sequently, the  sun  again  appears  in  the  celestial  equa- 
tor, and  is  vertical  to  those  that  live  under  it. 

We  have  seen,  that  as  the  sun  mov^s  in  the  eclip- 
tic,  from  the  vernal  equinox  to  the  trc^ic  of  Cancer,^ 
it  gets  to  the  north  of  the  equator ;  ©r  its  declination 
towards  our  pole  increases*  Therefore,  from  the 
yernid  equinox,  when  the  days  and  nights  are  equal, 
till  the  sun  comes  to  the  tropic  of  Cancer,  our.  days 
lengthen  and  our  nights  shorten ;  but  when  the  sua 
comes  to  the  tropic  of  Cancer,  it  is  then  in  its  ut- 
most northern  limit,  apd  returns  in  the  ecliptic  to. 
the  equator  again.  During  this  return  of  the  sun^^ 
its  declination  towards  our  pole  decreases;  and^  con- 
sequently, the  days  decrease  and  the  nights  mcrease,^ 
till  the  sun  is  arrived  in  the  equator  again,  and  is  in 
the  autumnal  equinoctial  point,  when  the  days  ^nd 
mights  will  again  be  equal.  As  the  sun  moves  from 
thenc6  towards  the  tropic  of  Capricorn,  it  gets  to 
the  south  of  the  equator  ;  or  its  declination  towards 
the  south  pole  increases.  Tlierefore,  at  that  time 
of  the  year,  our  days  shorten  and  our  nights  lengthen/ 
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till  the  sun  arrives  at  the  tropic,  of  Capricorn ;  but 
when  the  sun  is  arrived  there^  it  is  then  at  \ts  ut- 
most southern  limits  and  returns  in  the  ecliptic  to. 
the  equator  again*  During  tbis  return,  its  distance 
from  our  pole  lessen^ ;  and^  consequently,  the  days 
will  lengthen  as  the  nights  shorten,  till  they  become 
equal,  when  the  sun  is  come  round  to  the  vernal 
^uinoctial  point.  , 

_  <  • 

Our  summer  is  nearly  eight  days  hnger  than  the 
winter.  By  summer  is  meant  here  the  time  that 
psMSses  between  the  vernal  and  autumnal  equipoxes  $ 
by  winter,  the  time  between  the  autumnal  and  ver- 
nal equinoxes.  The  ecliptic  is  divided  into  six  nor- 
thern and  six  southern  signs,  and  intersects  the  equar 
tor  at  the  first  of  Aries  and  the  first  of  Libra.  Ii^ 
our  summer^  the  sun's  apparent  motion  is  through 
the  six  northern,  and  in  whiter  through  the  six 
southern  signs  ;  yet  the  sun  is  186  days,  11  hours,. 
5 1  minutes,  in  passing  through  the  six  first ;  and 
only  178  days,  17  hours,  58  minutes,  in  passing 
through  the  six  last.  Their  difference  7  days,  17 
hours,  53  minutes,  is  the  length  of  time  by  which 
our  summer  exceeds  the  winter. 

In  plate  6,  fi^.  1,  ABCD  represents  the  earth's 
orbit ;  S  the  sun  in  one  of  its  foci ;  when  the  earth 
is  at  B,  the  sun  appears  at  H,  in  the  first  point  of 
Aries ;  and  whilst  the  earth  moves  from  B  through  C 
to  D,  the  sun  appears  to  run  through  th^  six.  nor^ 
them  signs^  from  T  through  25  to  £i:  at  F.  When 
the  earth  is  at  D,  the  sun  appears  at  F,  in  the  first 
point  of  Libra ;    and  ^s  the  earth   moves  from  D 
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liitoagh  A  to  B^  the  sun  appears  to  m(nre  thfougfa 
tile  six  southeiti  signs,  from  £iz  through  \y  to  Arieii 
at  H. 

Hence  the  line  FH,  dtawtf  from  the  first  point 
ef  Aries  thi'ough  the  suir  at  S,  to  the  first  poiiit  erf 
sfir,  drrides  the  ecliptic  into  two  equal  parts  ;  bitt 
the  same  line  divides  the  earlii*i^  efliptical  drbit  into' 
two  unequal  parts.  The  greater  psft  BCD  is  that 
wbid)  the  earth  de^ctibes  in  the  suthrtier,  wliile  the 
mn  appears  in  the  notthem  signs.  Th^  lesutt  pitit 
k  DAB,  which  the  earth  describes  iit  winter;  whild 
the  sun  appears  in  the  sontherh  signs.  C,  the  eiirttf  ^ 
aphelion^  where  it  moves  sloWeist;  is  ili  the  greater 
parft;  A,  its  perrheKon,  is  in  the  lesser  part,  ^hetie 
<he  smr  moves  fastest. 

There  are;  thei^fore;  two  refasotis*  why  out  stilfi- 
mev  h  longer  than  our  wirttfer;  first,  because  the  sftff 
continues  in  the  northern  signs,  while  the  earth  is 
describing  the  greater  part  of  its  oi»bit;  and,  second^ 
If,  because  the  sun*s  apparent  motion'  is  slower  white 
it  appeal's  in  the  northern  signs,  than  whilst  it  apv 
pears  in  the  southern  ones. 

The  sun's  apparent  diameter  is  greater  in  out  win- 
ter than  iti  summer  ;•  because  the  earth  is  nearer  to 
tfie  sun  when  at  A  in  the  winter,  than  it  is  wheil  at* 
G  in  the  summer:  The  sun's  apparent  diametet*  iff 
winter,  is  32  minutes,  47  seconds ;  in  summer,  31" 
minutes,  40  seconds. 

But  if  the  earth  is  farther  fi*om  the  sun  in  suriimer 
thin  in  winter,  it  may  be  asked,  why  our  winters* 
are  so  much  colder  than  our  summers  ?     To  this  it 
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may  be  answered^  that  our  summer  lis  hotter  than 
the  winter  ;  firstt^  on  accoi^t  of  the  greater  height 
to  which  the  sun  rises  above  our  horizon  in  the  sum* 
ner ;  secondly^  tiie  greater  length  of  the  days.  The 
aun  is  much  higher  at  iioon  in  summer  tiian  in  wi]»- 
ter ;  and,  consequently,  as  its,  rays  in  summer  are 
less  oblique  ^an  in  winter^  more  of  them  wiH  &U 
^pon  the  sur&ce  of  dte  es^rth.  In  the  summer^  tl^ 
days  are  very  long,  and  the  nights  very  diort  i  theee« 
fore^  the  earth  and  air  are  heated  by  the  sun  in  the 
day-time,  mofe^  dian  they  are  cooAed  in  the  night ; 
and:  upon  this  account^  the  heat  will  keep  increasing^ 
in  the  summer;  and  for  the  same  reason  will  deciease 
in  winter,  when  the  nights  fenglhen. 

I  should  exceed  the  limits  of  this.  Essay,  if  h 
were  to  inquire  into*  the  several  concurrii^  causes-  off 
^e  temperatores  tha^  obtain  in  various  elimatest;  it 
mai^  be  sufficient,  therefore,  to  observe  whftt  a  re^* 
markable  provision  is  made  in  the  woridj  ami  the 
several  parts  of  it,  to  keep  up- a  perpetual  diangeift 
the  degveas.  of  heat  and  cold;  These  two  are  anr 
tagonists  ;  or,  as  Lord  Bacon  calls  them,  ^^  the  vety 
hands  of  Nature. with  which  she  chiefly  worketh  -^ 
the  one  expanding,  the  other  contracting  bodies,  so 
as  to  mainstain  an.  oscillatory  motion  in  all  their 
parts ;  and  so  sierviceable  are  these  changes  in  the 
natural  world,  that  they  are  promoted -every^  year, 
every  hour,  every  m^anent.  From,  the  oblique  posi- 
tion of  the  ecliptic,  the  earth  continually  presents  a 
different  fitce  to  the  sun,  and  never  receives  his  rays- 
twa  day^  together  in  the  same  direction.     In  the. 
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day  and  nighty  the  differences  iEtre  so  obvious^  that 
they  need  not  be  mentioaed ;  though  they  are  most 
lemarkafole  in  those  climates*  where  the  sun  at  his 
getting  makes  the  greatest  angle  with  the  horizon. 
Every  hour  of  the  day  the  heat  varies  with  the  sun's 
sltitude^  is  altered  by  the  interposition  of  clouds,  and' 
the  action  of  winds ;  and  there  is  little  room  to 
ddiibj^  but  what  the  various  changes  that  thus  take 
place,  concur  in  producing  many  of  the  smaUer  and^ 
grieater  phenomena  of  imture. 

fie  this  however  as  it  may,  it  is  certain  that  the 
paribus  irregularities  arid  intemperature  of  the  ele-: 
ments,  which  seem  to  destroy  natilre  in  one  season^ 
serve  to  revive  it  in  anotlier  :  the  immoderate  heata^ 
<^  summer,  arid  the  excessive  cold  of  wintier,  prepare 
the  beauties  of  the  spring,  and  the  rich  fruits  of  au-' 
tumn.      These  vicissitudes,  which  seem  to  superfi- 
cial minds  the  efiects  of  a  fortuitous  concourse  of  ir« 
fegular  causes,   are  regulated  according  to   weight 
and  measure  by  that  sovereign  wisdom,  who  weiglis 
ihe  earth  as  a  grain  of  sand,  the  sea  as  a  drop  o/* 
water. 
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I  have  already  shewn,  that  the  daily  motion  of  the 
siin  from  east  to  west,  is  not  a  rea^  but  aii  apparent 
one;;  which  is  owing  to  the  rotation  of  the  earth 
round  its  axis.  Now  if  the  sun  had  no  other  mo- 
tion  but  this  apparent  one,  it  would  seem  to  go  once 
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round  the  e^rth^.  in  the  time  of  one  compiebe'^ro^* 
tion^  ar>  i^  ^3  hours^  '56  minutes  ^  ivhiob'  k^tiae  leaso 
>viih  any  oSrtbe  .fixed  stars,  and.  is  therefore  ;the' 
length  of  a  Merial  day,    Buttlie  sun  is  ibund  to 
take  up  a  lc^iigf5t!ti?aq,to  oomplete  its  apparent  revo- 
lutiQ^i^  fqr  .if  it  i^  in.th§:  sputh  of  any  particular 
place  at.  twglve  p'clpqk  at  upon  torday,  it  will  not 
complete  an  sipparent  revolutiput  ^^o/2Ms.to  retvurntoi 
tjie  south  qf  ^hat  place,  again,  till  twelve  o'clock  sft 
noon  on  the  next  day ;  and,  consequently,  theftim^* 
of  this  ajpparei^t  r^yplutipn  is  twentyrfqur  hojurs,    .':  ^  j 
r  Let  ius  ^ndfei^your  to  render  this  8u|)ject  ^lei^ery  hfy 
defining,  in  pthei;  worcjs^  the  nature. of  th/?  si^2|r:apdU 
siderial  day*  >;..  -    ,  •  c\ 

The  solar  dayh  th^t  spape.pf  .tii^e  whif^Jb  injterri 
Irenes  between  the  sun's  d^arting  fro^i  any.  on§  nie-  r 
ridian,  and  its  return  to  the  s^me  circle  again ;.w^l^cb^ 
space,  is  also  jpaUed  a.natuml  day;  or  it  is  thetiqne 
from  the  noon  of  one  day  to  the.  noon  of  the  next 

The  siderial  day  is  the  space  of  tinjie  which  hap- 
pens between  the  departure  of  ^  ;Star.  from,  and  its 
return  to.  the  same  meridian  jagain, 

I  am  now  to  shew  why  these  days  differ  in  l<?ngth, : 
or  why  the  time,  that  the  sim^  takes  up  to,  complete 
one  revolution,  is  longer  than,  the  time  the  eartli^ 
takes  to  revolve  once  upon  its  axis.  .        . 

This  difference  arises  from  the  sign's  ?knn\ial  mo^.* 

twfi*    For  the  sun  doe$  not  continue  always  in  t^e 

^me  place  in  the  heaven,  as  the  fixed  stars,  do.;  but^ 

it  is  seen  at  M,  plate  4jfig.2^  one  day,  near  the  , 

fixed  star  R ;  it  will  have  shifted  its  pUc©  the  next. 
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daj^  aad  will  be  iiear  toisome  oiher  fixed  star  1^ 
Thb  motion'oif.  the  :sun  is  from  west  to  Mst^  and  one 
entire  revolution  is  completed  in  a  ye^t*  Snppose^ 
therefore^  that  the  sun^  when  it  is  at  M^  near  to  the 
fixed  star  Rj  appears  in  the  sottth  <>f  any  particular 
plaice  S;  and  then  imagine  the  earth  to  tUrn  once 
round  upon  its  axis  from  west  t,6  east^  or  in  the  du 
redion  of  ST V  W,  so  that  the  place  may  be  return* 
ed  to  the  same  situation;  after  this  rotation  is  com- 
]deted>  the  star  R  will  be  in  the  south  of  the  place  a;l 
before ;  but  the  sun  havings  in  the  meantime,  moved 
e^stws^r^^  and  being  near  to  the  star  L,  or  to  ^ 
ettst  of  R^  will  not  be  in  the  south  of  the  place  S^  but 

s 

to  the  eastward  of  it :  upon  this  account,  the  place  S 
must  movfe  on  a  little  ferther,  and  miist  come  to  T  be- 
fol?e  it  win  be  evien  with  the  suix  again>  or  before  the 
sun  win  appear  exactly  in  the  south. 

This  may  be  illustrateid  by  an  instance.  The  tW(> 
hands  of  a  watcli  are  close  together,  or  even  with  one 
another  at  twelve ;  tbey  both  tufnrdundthe  same 
Wfry^,  but  the  minute-hand^  turns  jround  in  a  shorter 
time  than  the  hour-hand;  when  the  minute4iand 
has  completed  one  rotation,  and  is  come  round  to 
twelve,  the  hour-nand  will  be  before  it,  or  will  be  at 
one ;  so  that  the  minute-hand  must  move  more  than 
once  round,  in  order  to  overtake  the  hour-hand,  and 
be  even  with  it  again. 

As  this  subject  is  of  some   importance,  we  shall 
endeavour  t6  render  it  more  clear,  by  placing  it  in  a' 
different  point  of  view :   the  more  so,  as  it  may  ac- 
custom the  young  pupil  to  reason  on  both  hypotheses. 
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njimely,  the  mqiiQU  €if  the  simi>  and  that  of  the ' 
earth. 

Xhe  diiameter  of  the  earth's  orbit  js  but  a  physical 
poiat;^  in  jpropgrtioa  tQ  th?  distance  of  the  stars  ;  for 
which  reason,  ^d  the  earth's  uniform  motion  on  its 
axis,  any  given  i^eridian  wiU  revoke  from  jyiy  star 
to  the  same  star  again,  in  every  absolute  turupf  the 
earth  upon  itsf  Jixi^ ;  without  the  Jea^t  perceptib^e  dit 
ference  of  time  being  s1^qwi:i^  by  a  clock  wjiich  goes 
exactly  true. 

If  the  eqrth  had  ouly^a  diurnal,  \fithout  an  an- 
nual motion,  ^ny  given  nieridi^u  would  revolve  from 
the  sun  to  the  sun  again,  ii^  the  .$ame  quegitity  of 
tim^  9.S  from  any  star  tp  the  sa^^ie  star  agaiA;  be* 
cause  the  sun  wo^dd  never  change  bis  place  with  re- 
snect  to.  the  stars.  ^  But;,  as  the  earth  advances,, al- 
most a  djBgree  eastward  in  its  orbit,  ip  th^  tinjie.  that 
it  turns  eastwqjnd  roQnd  ks  axis,  whatever  star  passes. 
over  the  mendian  on  a^y  day.  with^  the  sun^,  wiH  pass 
over  the  same  meridian  on  the  next  davv  when  the 
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fiun,  is  almost  9^  degree  sl^opt  qf  it ;  that  is,  3  minutes, 
66.  seconcjs  sooner.  If  theyear  contained  only  36o 
days,  tl^e  sun's .  apparent  place,  so  far  as  his  motion 
is  equatle^  would  changj^,  a  4egree.every  day;  and 
then  the.siderial  days  woijld  :be  juJ^t  four  minutes 
shorter  than  the  solar. 

Lef  j^BCDEFGH,  plate  4,  ^^,  3,  be  the,  earth's 
or1?it,  in  which  it  goes  round  the  sun  every  year,  ac- 
cording  to  the  order  of  the  letters ;  that  is,,  from 
wes|:  to  east ;  and  turns  round  it^.axis  the  same  way, 
firom  the  sun  to  the  si^i  a^ain,  in  every  twenty-four 
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tioars.  Let  S  be  the  snn^  and  R  a  fixed  st'ar/at  sucb 
an  immense  distance,  that  the  diameter  GC  of  the 
^rth*«  orbit,  bears  no  sensible  proportion  to  that 
distance ;  Nmn  the  earth  m  different  points  of.  its 
'  orbit.  Let  Nm  be  any  particular  meridian  of  Ijie 
earth,  and  N  a  given  pbint,  or  place,  lying  under 
that  meridian. 

' '  When  the  earth  is  at  A,  the  sun  S  hides  the  star 
R,  which  would  alwitys  bb  liid  if  the  earth  never 
moved  from  A ;  and,  consequently,  as  the  earth  turns 
roilnd  its  axis,  the  poiiit  N  Would  always  come  round 
to  the  suii  and  the  star  at  the  same  time. 
'  But  when  thfe  6arth  his  advanced  '  through  an 
eighth  port  of  its  oAit,  or  from  A  to  B,  its  motion' 
found  its  axis  will  bring  the  point  N  an  eighth  par^ 
of  a  day,  or  three  hours,  sooheir  to  the  star  than  to 

the  sun.     For  the  star  willcoirie  to  the  meridian  in 

I 

the  same  time,  as  though  the  darth  had]  continued  in 
its  former  situation  at  A ;  but  the  point  N  must  re-- 
Yolve  from  N  to  w,  before  it  can  have  tlie  sun  upon 
its  meridian.  The  arc  Nn  being,  therefore,  the  ^ 
same  part  of  a  whole  circle  as  the  arc  AB,  it  is  plain' ' 
that  any  star  which  Come^  tio  the  meridian  a^  nbon^ 
with  the  Sun,  wfien  the*  earth  is  at  Ai  will  coTne  to 
it  at  nine  o'clock  in  the  forenoon^  when  the  eartli 
is  at  B.  '  , 

When  the  earth  has,  passed  from  A  to  C,  one- 
fourth  part  of  its  orbit,  the  point  N  will  have  the 
star  upon  its  meridian,  or  at  six  in  the  morning,  six 
Jiours  Sooner  than  it  comes  roimd  to  the  sun, ;  but 
th^  point  N  must  revolve  six  hours  more  before  it 
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Kas  inid«-day  by  the  sun:  for  now  the  angle  ASC  is 
a  right-angle^  and  so  is  NCn ;  that  is,  the  earth 
has  advanced  90  degrees  on  its  axis^  to  carry  the 
point  N  from  the  star  to  tlie  sun ;  for  the  star  al-* 
ways  comes  to  the  nieridiaii^  when  Nm  is  parallel  to 
RSA  ;  beca'^e  CS  is  but  a  point  in  respect  to  RS. 
When  the  earth  is  at  D,  the  star  comes  to  the  meri- 
dian at  three  in.  the  morning ;  at  IE,  the  earth  having 
gone  half  round  its  orbit^  N  points  to  the  star  at 
midnight^  it  being  then  directly  oppbsite  to  the  sun ; ' 
and,  therefore,  by  the  earth's  diumal'motion,  the  star 
comes  to  the  meridian  twelve  hours  before  the  sun, 
and  then  goes  on,  till  at  A  it  comes  to  the  meridian 
with  the  sun  again. 

Thus  it  id  plain,  that  one  absolute  revolution  of 
the  earth  on  its  axis  (which  is  always  completed 
when  any  particular  star  comes  to  be  parallel  to  its 
sitnatioutat  any  time  of  the  day  befor^)^  never  brings 
the  same  meridian  round  from  the  sun  to  the  sim 
again ;  but  that  the  earth  requires  as  much  more 
than  one  turn  on  its  axis,  to  finish  a  natural  day,  as 
it  has  gone  forward  in  that  time;  which,  at  k  mean 
state,  is  a  365th  part  of  a  circle. 

From  hence  we  obtain  a  method  of  knowing  by 
the  stars,  whether  a  clock  goes  true  or  not.  For 
if,  through  a  small  hole  in  the  window-shutter,  or  in  a 
thin  plate  of  metal  fixed  t;o  a  window,  we  observe  at 
what  time  any  star  disappears  behind  |i  chimney,  or 
corner  of  a  house,  at  a  little  distance ;  and  if  the 
same  star  disappears  the  next  night,  3  minutes,  56 
seconds,  sooner  by  the  clock ;  and   on  the  second? 
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7  minutes,  62  seconds  sooner ;  the  third  night,  11 
minutes,  48  s^onds  sooner,  and  so  on  every  night ; 
it  is  an  infallible  sign  that  the  machine  goes  true; 
otherwise  it  does  not,  and  must  be  regulated  accor- 
dingly. This  method  may  be  depended  on  to  nearly 
half  a  second'*. 


AN  EXPLANATION  OF  THE  PHENOMENA  WHICH  ARISE 
FROM  THE  MOTION  OF  THE  EARTHj.  AND  OF  THE 
INFERIOR  PLANETS,  MERCURY    AND  VENUS. 

It  will  be  necessary,  in  this  place,  to  define  more 
exactly  some  words  which  have  been  slightly  ex- 
plained before,  and  recal  the  reader's  attention  to 
some  definitions  that  have  been  already  given ;  and, 
it  is  presumed,  that  these  repetitions  will  not  be  an 
object  of  complaint ;  because  they  will  answer  the  be- 
neficial purpose  of  grounding  the  reader  more  firmly 
in  the  knowledge  of  the  science,  to  which  this  Essay 
is  intended  as  an  introduction. 

When  two  planets  are  seen  together  in  the  same 
sign  of  the  zodiac,  and  equally  advanced  therein,  they 
are  said  to  be  in  conjunction.     But  when  tliey  are  in 

♦  A  tdescopfic  tube,  t?ith  intersected  vires  at  the  focus  of  the 
frst  eje-glass,  fixed*  against  a  ivall,  or  the  felescopo  df  a  theodolite, 
or  other  instrunent,  When  placed  firnilj  on  its  stand,  arc  prefer- 
able and  more  accurate  instruments.  When  a  telescope,  on  a  pro- 
per  and  firm  stand,  ui  placed  duly  in  the  meridian  of  the  place  for 
this  purpose,  it  then  becomes  a  meridian  or  transit  telescope  ;  and 
£s  the  best  instrument  for  adjusting  and  ascertaining  the^  rat^ 
•f  dloclu  and  chronoaeter8»    fioix. 
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6pposite  signs  of  the  zodiac^  they  are  said  to  be  in 
opposition.  Thus  a  planet  is  said  to  be  in  opposition 
to  the  sun,  when  the  earth  is  between  the  sun  anii 
the  planet. 

The  elongation  of  a  planet  is  its  apparent  distance 
Irom  the  sun.     When  a  planet  is  in  conjunction  with" 
the  sun^  it  has  no  elongation ;  when  in  opposition 
Its  elongation  is  1 80  degreies. 

The  nodes  of  a  planefs  orbit,  are  those  two  points 
where  the  orbit  cuts  the  plane  of  the  ecUptic.  I  be- 
fore observed,  that  the .  orbits  of  all  the  planets  are 
inclined  to  the  plane  of  the  ecliptic,  and  consequent- 
ly cross  this  plane.  In  plate  3,  Jig.  3,  A  B  C  D  is  the 
plane  of  tlie  ecliptic ;  £  S  F  D  is  the  orbit  of  a  planet# 
in  which  the  points  B  and  D  are  the  two  nodes. 

The  tine  of  the  nodes,  is  a  line  BD,  supposed  to  be 
draWn  through  the  sun  from  one  node  to  the  other. 
The  limits  of  a  planefs  orbit,  are  two  points  in  tht 
middle  between  the  two  nodes.  The  point  £  is 
called  the  greatest  northern  limits  F  the  greatest 
southern  limit. 

The  greatest  d  istance  of  the  earthy  or  of  any  jJane^ 
from  the  sun,  is  called  its  aphelion,  or  higher  apsis ; 
its  least  distance  i^  called  the  perihelion,  or  lower 
apsis. 

Tlius  in  plate  3^  Jig.  4,  A  is  the  place  pf  ijf^  apb^r 
lion,  P  that  of  the  perihelion.  ~ 

The  axis  V  A,  Jig  A,  of  any  planet's  elipsis,  ii| 
celled  the  line  of  the  apsides :  the  extren^e  points  of 
its  shortest  diameter  T  V,  are  the  places  of  its  mean 
distance  from  the  sun;  and  S  T,  or  1?  V,  the  Une  of 
its  mean  distance. 
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When  a  planet  moves  according  to  the  order  of 
the  signS)  its  motion  is  said  to  be  direct j  or  in  conse^ 
quentia ;  but  when  its  motion  is  contrary  to  the  or ' 
der  of  the  signs^  it  is  said  to  be  retrograde^  or  in 
antecedentia. 

The  place  in  the  starry  heavens  that  any  planet 
appears  in«  when  seen  from  the  centre  of  the  earthy 
is  called  its  geocentric  place.  The  place  where  it 
would  be  seen  in  the  celestial  sphere^  by  an  observer 
supposed  to  be  in  the  sun^  is  called  its  heliocentric 
place. 


OF  THE  CONJUNCTIONS  AND  ELONGATIONS  OF  THE. 
INFERIOR  PLANETS^  VENUS  AND  MERCURY. 

There  are  two  different  situations^  in  which  an  in- 
ferior planet  will  appear  in  conjunction  with  the 
sun;  one  when  the  planet  is  between  the  sun  and 
the  earth,  and  the  other  when  the  sun  is  between  the' 
earth  and  the  planet.  Let  A,  plate  Qyjig^  2,  be  the 
earth  in  its  orbit,  E  the  place  of  Venus  in  her  orbit 
^HG,  S  the  sun,  FVPQRTD  an  arc  in  the  starrjr 
heavens.  In  this  situation  the  sun  and  Venus  are 
on  the  same  side  of  the  earth,  and  will  appear  in  the 
same  point  of  the  heavens,  so  as  to  be  in  conjunction. 
If  the  earth  is  at  A,  and  Venus  at  G,  they  will  also 
appear  to  be  in  conjunction. 

If  the  earth  is  at  A,  the  sun  at  S,  the  planet  at  E^ 
nearer  to  the  earth  than  the  sun,  it  is  called  its  infe*- 
rior  conjnncHim.     But  if  the  earth  is  at  A,  and  the 
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planet  at  G,  iarther  from  the  earth  than  the  sun,  this 
is  called  the  superior  conjunction  of  the  planet. 

If  an  inferior  planet  is  at  E^  the  earth  at  A^  and 
the  sun  at  S,  the  elongation  is  nothing,  the  planet 
being  then  in  its  inferior  conjunction.  As  the  planet 
moves  from  .  E  to  y^  its  elongation  increases  ;  for^ 
when  it  is  at  y,  it  appears  in  the  line  AyP,  while 
the  sun  appears  in  the  line  ASQ ;  so  that  PAQ  will 
be  its  elongation.  When  the  planet  is  arrived  at  x> 
it  appears  in  the  line  AxV^  which  is  a  tangent  to  its 
orbit ;  and  then  its  elongation  is  VAQ,  which  is  the 
greatest  that  can  be  on  that  side  the  sun ;  for^  afiet 
this,  the  elongation  decreases.  When  the  planet  is 
at  K,  its  elongation  is  PAQ  ;  when  at  G,  it  is  no* 
thing,  because  it  is  then  in  its  superior  conjunction ; 
as  ihe  planet  moves  on  from  G,.  its  elongation  again 
increases ;  for,  when  it  comes  to  C,  it  appears  in  the 
line  ACR^  and  its  elongation  is  RAQ.  When  the 
planet  comes  to  H,  a  line  drawn  from  the  earth 
through  the  planet^  is  a  tangent  to  the  orbit;  and 
the  elongation  is  TAQ,  the  gjreatesi  it  caii  have  when 
it  is  on  the  other  side  of  the  sun ;  for,  'after  this,  tba 
elongation  again  decreases. 

Ilence  it  is  clear,  that  the  inferior  planets  can 
li^ver  appear  far  from  the  sun,  but  nyist  always  ac« 
company  it  in  its  apparent  motion  throu^  the  eelip^ 
tic.  When  we  see  either  Venus  or  JVfercury,  it  is 
either  in  the  evening  in  the  west,  soon  after  the  sun 
has  set;  or^  in  a  morning,  a  little  before  the  sun  rif^s. 
Ycnus  is,  indeed^  bright  enough  sometimes  tp  be  se^ 
in  the  day-tinie^  but  then«she  is  ncv^  %  from  the- 
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svin.     The  greatest  elongation  of  Venus  is  about  4b, 
and  of  Mercury  about  33  degrees. 

If  the  earth  is  at  A,  plate  6,  ^g.  S,  when  Venus 
uppears  in  any  part  of  the  arc  ExG,  she  is  westward 
from  the  suii ;  and,  therefore^  rises  before  him  in  the 
inorning^  and  is  called  the  marningstar.  When  she 
Appears  any  where  in  the  arc  GHE^  she  is  eastward 
fmm  the  sun,  and  therefore  sets  after  him ;  is  seen 
in  the  evening,  and  is  then  the  evening  star. 

From  the  apparent  motions  of  the  inferior  planets^ 
we  derive  an  argument  to  prove  the  falsity  of  the 
Ptolemaic  sytstem.  If  the  earth  was  within  the  orbit 
dF  Veiius,  as  the  Ptolemaic  system  supposes^  she 
might  be  sometimes  on  one  side  of  Hie  earth>  whilst 
the  sun  is  on  the  opposite  side ;  or  Venus  might  be 
sometimes  in  opposition  to  the  sun;  but  Venus  is 
flev^  seen  in  opposition*  Therefore  the  earth  is  ou 
the  outside  of  the  orbit  of  Venus ;  and,  (consequent* 
ly,  the  Ptolemaic  system  is  not  true.  The  same  i» 
also  true  of  Mercury.  But  this,  and  some  other  cir* 
eumstances  relative  to  the  motions  of  these  planets, 
^11  be  much  better  understood  by  means  of  a  plane- 
tarium  than  by  a  diagram. 


O^     THE     AEtnbtSRAfeE^     DIRECT,     AND     STATIONARY* 
MOnONiS,   6lF   VENUS   ANi)   MERCURY, 

It  is  esfey  to  texplain  these  motions  on  the  Coper^ 
nicah  syistetn,  it  being  the  natural  result  of  the  re- 
spective situations  and  motftoM  of  the  earth  and  theso^ 
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planets.  But,  on  the  Ptolemaic  system,  they  are 
inexplicable,  without  calling  in  tlie  aid  of  a  very 
complicated  hypothesis. 

When  the  .inferior  planets  are  passing  from  their 
greatest  elongation,  on  one  side  of  the  sun,  through 
their  superior  oonj  unction,  to  their  greatest  elonga-^^ 
tion  on  the  other  side,  their  motion,  as  viewed  irom 
the  earth,  is  direct.  In  order  t®  explain  this  pro^ 
position,  we  shall  first  suppose  the  earth  to  be  at  rest 
at  A,  plate  6,  Jig.  2 ;  and  correct  this  supposition 
afterwards,  by  shewing  that  the  apparent  motion  of 
Venus,  or  Mercury,  seen  from  the  earth,  is  the  same* 
in  this  respect,  whether  the  earth  moves  in  its  orbit, 
or  rests  at  A. 

The  proposition  to  be  explained  is  this  :  '^Uiat  as 
Venus,  for  instsince,  moves  from  a?,  its  greatest  elon- 
gation on  of|e  side  of  the  sun,  through  G,  its  superior 
copjunction,  to  H,  its  greatest  elongation  on  the 
other  side,  it  will  appear  to  a  spectator  ■  upon  the 
earth,  to  move  from  west  to  east,  according  to  the 
order  of  the  signs ;  that  is,  its  geocentric  motion  will 
be  direct. 

The  planets  move  round  the  sun  from  west  to 
east ;  and,  con«equently,  if  there  was  a  spectator  at 
the  sun,  th^  would  appear  to  him  to  move  through 
the  zodiac,  according  to  the  order  of  the  signs ;  or,  in 
other  word^,  the  heliocentric  motion  of  Venus  is  di- 
rect. Now  if  the  sun  8,  and  the  earth  A,  are  both  on 
tfa^  samie  side  of  the  planet,  a  spectator  at  the  earth 
is  in  the  same  situation,  with  respect  to  the  planel^ 
and  its  motion,  as  if  he  had  been  at  the  sun :    for 
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whilst  tli€  planet  is  moving  ^om  x,  through  G,  to' 
H,  a  spectator,  either  at  A  or  S^  is  on  the  concaTe 
side  of  the  planef  s  orbit ;  and,'  consequently,  the 
planet  will  appear  to  move  in  the  same  manner  from 
either ;  but  the  apparent  motion  of  the  planet,  when 
seeri  froiQ  the  sun,  is  direct ;  and,  consequently,^  its 
qiotion,  when  seen  from  the  earthy  will  also  be  direct.- 

For^  when  Venus  is  at  x,  it  appears  to  a  spectator 
on  the  earth  at  A,  to  be  in  the  line  AxV,  or  is  seen* 
among  the  stars  at  V ;  when  Venus  has  moved  to  K, 
it  is  seen  among  the  fixed  stars  at  P;  when  it  has 
gloved  to  G,  it  is  in  its  superior  conjunction  ;  when 
it  has  moved  to  C,  it  appears  among  the  fixed  stars^ 
at  R  ;  and  when  it  is  come  to  H,  it  appears  among 
the  fixed  stars  at  T.  Thus,  whilst  Venus  has  moved 
in  its  orbit  from  x,  its  greatest  elongation  on  one  side 
of  the  SUP,  through  G,  its  superior  conjunction,  to* 
{I,  its  greatest  elongation  pn  the  other  side,  it  ap- 
pears to  have  described  the  arc  VPQRT,  in  the  con- 
cave sphere  of  the  heavens ;  but  the  letters  xK, 
QCH,  lie  from  w^st  to  east^  because  they  lie  in  the> 
same  direction  that  the  planet  moves  round  the  sun ; 
^d  the  letters  VPQRT  Ue  in  the  saime  direction 
with  xKGCH.  Therefore,  as  the  phnet  seems  to 
^  spectt^^or  on  the  earth,  to  describe  the  arc  VPQRT, 
its  apparent  motion,  seen  from  the  earthy  is  direct, 
or  from  west  to  east, 

T^e  second  proposition  is  this  t  that  while  the  in^ 
ferior  planets  move  from  their  greatest  ektpgstioa  on 
pi^  side  of  the  sun^  through  their  inferior  conjunct 
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ti6n,  to  their  greatest  elongation  on  the  other  side, 
their  geocentric  niotion  is  retrograde. 

In  other  words,  whilst  Venui  is  moving  from  its 
greatest  elongation  Hy  plate  6j^g.  U,  ):hrough  its  in- 
ferior conjunction  E,  to  its  other  greatest  elonga* 
tion  >;  it  appears  to  a  spectator  upon  the  earth  at  A, 
to  move  backwards^  or  from  east  to  west,  contrary  to* 
the  order  of  the  signs. 

A  spectator  at  the  sun  is  on  the  concave  side  of 
the  phnet's  orbit,  viewing  it  from  withinside.  But, 
whilst  Venus  is  moving  from  its  greatest  elongation 
H,  on  one  side,  through  E,  its  inferior  conjunction, 
to  Xj  its  greatest  elongation  on  the  other  side,  a  spec~ 
tator  upon  the  earth  is  on  the  convex  side  of  its  orbit, 
viewing:  it  fit>m  without. 

Therefore,  if  a  spectator  at  the  sun  S  would  see 
the  planet  move  one  way,  a  spectator  at  the  earth 
A  will  5^  it  move  the  contrar}'^  way ;  or  the  geocen- 
tric motion  will  be  contrary  to  its  heliocentric  mo* 
tion,  and  tiierefore  retrograde ;  for,  as  seen  from  die 
sun,  its  motion  is  always  direct. 

That  two  spectators,  one  at  the  earth,  the  other 
at  the  sun,  as  they  are  on  the  contrary  sides  of  the 
arc  HEr,  will  see  the  planet  apparently  move  con- 
trary ways,  may  be  rendered  more  plain  by  the  fol- 
lowing familiar  consideration.  If  two  men  stand 
with  their  faces  towards*  each  other,  and  a  ball  is 
^rolled  along  upon  the  ground,  this  ball  will  move 
from  the  right  hand  of  one  of  the  men  towards  his 
left,  and  from  the  left  hand  of  the  other  towards  his 
i^^tf    In  like  manner,  if  one  man  is  at  the  earth 
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A>  and  the  other  at  the  sun  S^  then  whilst  the  planet 
is  describing  the  arc  HExy  which  is  between  them, 
it  will  appear  to  move  from  the  right  hand  of  the 
man  at  S^  towards  his  left ;  and  from  the  left  hand 
of  the  man  at  A^  towards  his  right. 

Whilst  the  motion  of  Venus  is  direct,  or  while  it 
is  describing  the  arc  :rGH,  it  appears  to  move  from 
V  to  T,  among  the  fixed  stars.  But,  after  it  has 
been  carried  in  its  orbit  from  H  to  z,  it  appears  in 
the  line  A2R,  and  is  seen  among  the  fixed  stars  at 
R.  When  it  comes  to  E,  it  appears  at  Q ;  and 
when  at  y^  its  apparent  place  in  the  heav^is  is  at  P« 
Thus,  as  the  planet  passes  from  its  greatest  elooga* 
tion  H,  on  one  side  of  the  sun,  through  its  inferior 
conjunction  E,  to  its  greatest  elongation  Xj  on  the 
other  side,  it  apparently  runs  back  from  T  to  V,  or 
its  motion  is  retrograde. 

Our  third  proposition  is,  that  Venus  is  stationary, 
or  has  no  apparent  motion  for  some  time,  when  it  is 
at  its  two  greatest  elongations ;  that  is,  when  it  is  at 
H  or  J?,  and  its  apparent  place  is  either  at  T  or  V. 

When  either  of  the  inferior  planets,  Venus  for 
Instance,  is  at  its  greatest  elongation  H  or  4^,  a  line 
drawn  from  the  earth  through  the  planet,  as  AHT, 
or  AxV,  is  a  tangent  to  the  orbit.  Now,  though  » 
right  line  touches  a  circle  but  in  one  point,  yet  some 
part  of  the  circle  greater  than  a  point  is  so  near  to 
the  tangent,  as  not  to  be  distinguished  from  it.  Thus 
the  arc  bd,  so  nearly  coincides  with  the  tangent 
AHT,  that  a  spectator's  eye,  placed  at  A,  could  not 
distii^uish  the  tangent  from  this  part  of  the  curve  ; 
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consequBntly^  while  the  planet  is  describing  this  arc, 
no  other  change  will  be  made  in  its  geocentric  place, 
than  if  it  was  to  move  in  the  tangent. 

But  the  geocentric  place  of  the  planet  would  not 
be  altered,  if  the  planet  was  to  move  in  the  tangent. 
For  if  it  was  to  move  from  T  towards  A,  or  from  A 
to  V,  the  apparent  place  of  it  in  the  heavens  would, 
.  in  one  case,  be  at  T,  in  tlie  other  case  at  V.  There- 
fore, while  the  planet  is  at  its  greatest  elongation. 
Mid  is  describing  a  small  arc  in  its  orbit,  that  nearly 
coincides  with  the  tangent,  its  geocentric  place  does 
not  alter,  but  it  ^ippears  to  continue  for  some  time 
in  the  same  part  of  the  heavens^  or  is  stationary. 

I  have  hitherto  supposed  the  earth  to  be  at  rest ; 
and,  upon  that  supposition,  have  explained  the  pro-^ 
gress  and  regress,  the  conjuctions  and  stations  of  the 
inferior  planets.  If  this  supposition  was  true,  Vl\ 
or  the  arc  which  the  planet  at  any  time  describes  in 
its  progress,  and  TV,  the  arc  which  it  describes  in 
its  regress,  would  always  be  in  the  same  part  of  the 
heavens.  The  planet,  when  in  conjunction,  would 
always  appear  at  Q  among  the  same  fixed  stars ;  and 
at  its  elongation,  or  when  it  is  stationary,  it  would 
always  appear  among  the  same  fixed  stars  at  T,  on 
one  side  of  the  sun,  and  at  V  on  the  other. 

But  this  supposition  is  not  true ;  for  the  earth  re- 
volves  in  its  orbit  ABO  round  the  sun.  Now,  if  the 
earth  is  at  A,  at  the  time  of  either  conjunction,  the 
planet  at  this  conjunction  would  appear  among  the 
fixed  stars  at  Q ;  and  the  arcs  of  the  greatest  elonga- 
tkwi  QV  and  Qy,  would  be  on  each  side  of  those 
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stars.  But^  if  the  earth  is  at  B,  at  the  time  of  either 
of  the  conjunctions  ;  then^  at  the  time  of  ^this  con-- 
junction,  the  planet  will  appear  in  the  line  BST,  and 
be  seen  among  the  fixed  stars  at  T ;  and  the  arcs  of 
the  greatest  elongation  will  be  on  each  side  of  these 
stars ;  that  is^  the  coi\junCtions  and  elongations  will 
happen  in  a  different  part  of  the  heavens^  when  the 
earth  is  at  B>  from  what  they  happen  wh^n  the  earth 
is  at  i\ .  In  other  resp^cts^  the  foregoing  phenomena 
will  be  much  the  same,  notwithstanding  the  motion 
of  the  earth,  only  the  planet  will  be  more  direct  in 
the  farthest  part  of  the  orbit,  and  less  retrograde  in 
the  nearest. 

The  inferior  planets  always  appear  very  near  the 
sun ;  but,  by  the  motion  of  the  earth  in  its  orbit,  the 
sun  appears  in  different  parts  of  the  heavens,  in  dif- 
ferent times  of  the  year.  Therefore,  the  inferior  pla- 
nets, as  they  are  always  very  near  the  sun,  will 
also  appear  in  different  parts  of  the  heavens,  at  dif- 
ferent times  of  the  year.  And,  consequently,  their 
conjunctions  and  greatest  elongations  will  sometimes 
Jiappen  when  they  are  in  one  part  of  the  heavens, 
and  sometimes  wb^n  they  are  in  another  part.  Venus, 
seen  from  the  earthy  will  appear  to  vibrate  in  an  arc 
VT,  half  of  which  is  on  one  side  of  the  sun's  appa- 
rent place,  and  half  on  the  other  side. 

When  an  inferior  planet,  viewed  from  a  superior, 
moves  apparently  retrograde,  the  superior  planet  has 
also  an  apparently  retrograde  motion.    . 

When  a  superior  planet,  viewed  from  an  inferior, 
appear?  stationary,  the  inferior  planet  viewed  at  the 
same  time  from  the  superior,  is  also  stationary. 
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OF  THE   PHASES   OF   VBNUS. 

That  the  planets  are  all  opake  or  dark  bodies ;  and, 
consequently,  shine  only  by  the  light  they  receive 
from  the  sun,  is  plain,  because  they  are  not  visible  n 
when  they  are  in  such  parts  of  their  orbits  as  are  be* 
tween  the  sun  and  earth ;  that  is,  when  their  illumi* 
nated  side  is  turned  from  us. 

The  sun  enlightens  only  half  a  planet  at  once;  the 
illuminated  hemisphere  is  always  that  which  is  turned 
towards  the  sun,  the  other  hemisphere  of  the  planet 
is  dark.  To  speak  with  accuracy,  the  sun,  being 
larger  than  any  of  the  planets,  will  illuminate  rather 
more  than  half ;  but  this  difference,  on  account  of 
the  great  distance  of  the  sun  from  any  of  the  planets, 
is  so  small,  that  its  light  may  be  considered  as  com- 
ing to  them  in  lines  physically  parallel. 

Like  other  opake  bodies,  they  cast  a  shadow  be- 
hind them,  which  is  always  opposite  to  the  sun. 
The  line  in  the  planet's  *body,  which  distinguishes 
the  lucid  from  the  obscure  part,  appears' sometimes 
straight,  sometimes  crooked.  The  "convex  part  of 
the  curve  is  sometimtfs  towards  the  splendid,  aiid 
the  concave  towards  that  which  is  obscure  f  and  vice 
versa,  according  to  the  situation  of  the  eye,  with  re- 
spect to  the  planet,  and  of  the  sun  which  enlightens 
the  planet. 

Hence  the  inferior  planets,  going  round  the  sun 
in  less  orbits  than  our  earth  does,  will  sometimes 
have  more,  sometimes  less  of  th^ir  illuminated  side. 
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towards  us ;  and,  as  it  is  the  illuminated  part  only 
which  is  visible-to-us,  Mercury  and  Venus,  will, 
through  a  good  telescope,  exhibit  the  several  ap- 
pearances of  the  mopn^  from  a  fine  thin  crescent  to 
the  enlightened  hemisphere. 

If  we  view  Venus  through  a  telescope,  when  she 
follows  the  sun's  rays  on  the  eastern  side,  and  ap- 
pears above  the  horizon  after  sun-set^  we  shall  see 
her  appear  nearly  round,  and  but  smdll;  she  is  at 
that  time  beyondthe  sun,  and  presents  to  us  a:n  en- 
lightened hemisphere.  As  she  departs  from  the  sun 
t(5wards  the  east,  she  augments  in  her  apparent  size ; 
and  on  viewing  her  through  a  telescope,  is  seen  to 
alter  her  figure,  abating  of  her  apparent  roundness, 
and  appearing,  successively,  like  the  moon  in  the  dif- 
ferent stages  of  her  decrease.  At  length,  when  she 
is  at  her  greatest  elongation,  she  is  like  the  nioon  in 
her  first  quarter,  and  appears  as  she  does ;  when  from 
a  full>  she  has  decreased  to  a  half-moon. 

After  this,  as  she  approaches  (in  appearance)  to 
the  sun,  she  ap})ears  concave  iu  her  illuminated  part, 
as  the  moon  when  she  forms  a  crescent ;  thus  she 
Continues,  till  she  is  hid  entirely  in  the  sun's  rajfs, 
and  presents  to  us  her  whole  dark  hemisphere,  as  the 
moon  does  in  her  conjunction,  no  pajrt  of  the  planet 
being  then  visible. 

When  she  departs  out  of  the  suns  rays,  on  the 
western  side,  we  see  her  in  the  morning  jufjt  before 
day-break.  It  is  in  this  situation  that  Venu$  is 
called  tlie  morning-star^  as  in  the  other  she  is  called 
tlie  evening-star.    She  at  this  time  appears  very  beau- 
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tiful,  like  a  fine  thin  crescent:  just  a  verge  of  silir^ 
light. is  seen  on  her  edge.  .  From  this  period,  she 
grows  more  and  more  enlightened  every  day,  tiH 
she  is  arrived  at  her  greatest  digression  or  elongatioif, 
'when  she  again  appeari^  as  a  half-moon,  or  as  thef 
mooh  in  her  fin^  quarter :  from  this  time,  if  <M}nti- 
nued  to  be  viewed  with  a  telescope,  she  is  found  to 
he  more  and  more  enlightened,  though  she  is  all 
the  while  decreasing  in  magnitude;  and  thus  con- 
tinues growing  smaller  and  rounder,  tiU  she  is  again 
hid  or  lost  in  the  sun's  rays« 

Plate  By  Jig.  1,  represents  the  orbits  of  Venus  and 
the  earth,  with  the  sun  in  the, centre  of  them.     The 
planet  Venus  is  drawn  in  eight  different  situatfonsf 
with  its  illuminated  hemisphere  towards  the  sun. 
If  we  suppose  the  earth  to  be  at  T,  when  Venus  is 
at  A,  her  dark  hemisphere  is  towards  the  earth,  and 
she  is  therefore  invisible,  except  the  conjunction 
happens  in  her  node,  for  then  she  appears  like  a  dark 
spot  upon  the  disc  of  the  sun.     When  Venus  is  at 
B,  a  little  of  her  enlightened  side  is  turned  towards 
the  earth,  and  therefore  she  appears  sharp-homed, 
when  she  is  at  C,  half  her  enlightened  hemisphere  is 
turned  towards  the  earth,  and  she  appears  like  a 
lialf-mobn ;  at  D,   more  than  half  her  enlightened 
hemisphere  is  towards  us,  and  she  appears  like  the  half- 
moon  about  three  days  before  it  is  full ;  at  E,  the 
%vhole  enlightened  hemisphere  is  towards  tlie  earth  ; 
Venus  is  then  either  behind  the  sun,  or  so  very  near 
him,  that  sl^e  can  hardly  be  seen;  but  if  she  could,  she 
w>uld^ppe£^r  rou^d,  like  the  full-moon.    AtF,  she  is 
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like  the  moon  three  days  after  the  full ;  at  G^  like  a 
half-moon  again ;  at  H^  like  a  crescent^  with  the  points 
of  the  horn  turned  the  contrary  way  to  what  tbey 
were  at  B.  All  this  is  equally  applicable  to  MercuryJ 

Plate  Byjig.  2,  exhibits  the  different  appearances 
of  Venus^  corresponding  to  her  several  situations  in 
the  foregoing  figure;  thus^  when  Venus  is  at  A,  ^g. 
If,  she  is  quite  dark,  as  at  A,  Jig  2;  when  she  is  at 
^yjig*  1  y  she  appears  as  ?i€RjJig.  2^  &c. 

The  interior  planets  do  not  shine  brightest  when 
th^  are  full ;  thus,  Venus  does  not  appear  brightest 
in  hf  r  superior  conjunction,  though  her  illuminated 
hemisphere  be  then  turned  towards  us.  Her  splen- 
dor is  more  diminished,  by  her  being  at  a  greater  dis- 
tance from  us;  then  the  conspicuous  part  of  hef 
illuminated  disc  is  increased.  Dr.  Halley  has  shewii 
that  Venus  is  brightest  when  her  elongation  from 
the  sun  is  about  40°.  Mercury  is  in  his  greatest 
brightness,  when  very  near  his  utmost  elongation. 
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I  have  already  observed,  that  the  greatest  elonga- 
tion of  either  of  the  inferior  planets  is  less  than  9^% 
or  a  .quarter  of  a  circle ;  so  that  they  are  never  fer 
from  the  sun,  but  constantly,  attend  it.  But  the  su- 
perior planets  do  not  always  accompany  the  sun,  as 
I  have  shewn  that  the  inferior  ones  do;  they  are,  in- 
deed, sometime!^  in  conjunction  with  it,  but  then  they 
are  also  sometimes  in  opposition  to,  or  1  SO""  from  it. 
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Let  S,  plate  6,  Jig.  3,  be  the  sun;  ABCD,  the' 
orbits  of  anjr  superior  plauejt^  Marsy  for  instance  ^ 
£FG,  the  esFth*^,  orbits    If  the  e^^  be  at  E^  th,e . 
sun  at  S^  and  the  planet  at  D^  the  sun  and  t^e  planet, 
wilt'bebothottthesaiine^ideof  the;ea|th;  and,  c^n- 
se^iently^  the  juianet  wiU  appear  in  conjunction  with 
the  sun.    But^  as  the  orbit  of  the  earth  is  between 
tlie  toii  'and  the  orbit  of  the  superior,  planet^  jt  is 
possible-foir  the  earth  to  be  between  the  sun  and  the 
phn^i  and^  conseqitently^  for  the.  planet  and  the  sua 
to  be  on  'opposite  •  sides  of  the  earthy  ;Qr  th^  plane^ 
to  be  in  ^position ;  thus^  if  when  the  earth  is  ^t  £^ 
Mars  be  at  A^  he  is  then  in  apposition  to  the  sun. 

'  A  si^perior-  planet  is  in  quadrature  with  the  sun 
when  its  geocentric  place  is  in  90^  from  the  geocentric 
plaice  of  the  sua.  If  the  earth  be  at  £^  and  Mar^ 
at^B  br  C^  he  is  in  quadrature  with  the  sun ;  for  thf 
line  AEj  EB^  ^form  a  right,  angle;  fut  do  also  tl^^ 
lilies  EA^  EC; 
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OF  THE  DIRECT^  STATIONARY^  AND  RETROGRADE 

-      hlSOTfOK  OF  THE  SUPERIOR  .  PXA^ETS.  ,., 

•  ♦  '/         ■ 

As  the  earth  goes  round  the  sun  in  less  time^  and 
m  k  less*  oHrit  than  any  of  tibe  superior  pU^nets,.  it 
wiH  niot  bcr  amiss:  to. suppose r  a  wp^rior,  planet  to 

^ttimd^>6tilL''in  some  .part^ofits  orbit^- whiJfB  th?i  eart)i 
^oM  oade  rMnd  the  sun  ih  iierV'Wd'^pi3ys^<l6r  tl>e 
appearfttioes  the  pianetsDWOuld  thenih%v^:  ^hich  <ai;e 
th^te:  I  ivi  Mobile  the  earth  if  in  ker  most  distant  se- 


1,14  OF   THE    JUrERIOR   PLANETS. 

Bfiicircle,  the  apparent  motion  of  the  planet  would 
be  direct.  2.  While  the  earth  is  in  her  nearest  se- 
micirde,  the  planet  would  be  retrograde.  3.  While 
the  earth  is  near  the  j)oints  of  contact  of  a  line  drawn 
from  the  planet,  so  as  to  be  a  tangent  to  the  earth's 
orbit,  the  planet  would  be  stationary.    " 

To  illustrate  this,  let  ABCDEFHG,  phte  7, 
Jig.  I ,  be  the  orbit  of  die  earth  ;  Sj  the  sun ;  PQ 
VO,  the  orbit  of  Mars;  LMNT,  an  arc  of  the 
ecliptic.  Let  us  now  suppose  the  planet  Mars  to 
continue  at  P,  while  the  earth  goes  round  in  her  or- 
bit, -according  to  the  order  of  the  letters,  ABC,  &c. 
ABCDEFHG  may  be  considered  as  so  many  sta- 
tions, frcm  whence  an  inhabitant  of  the  earth,  would 
view  Mars,  at  different  times  of  .the  year ;  and  if 
straight  lines  be  drawn  from  each  of  these  stations, 
through  Mars,  at  P,  and  be  continued  to  the  eclip- 
tic, they  will  point  out  the  apparent  places  of  Mars 
in  the  heavens,  at  these  different  stations. 

Thus,  supposing  the  earth  at  A,  the  planet  will 
be  seen  among  the  stars  at  L;  when  the  earth  is 
arrived  at  B,  tbe  planet  will  aj)pear  at  M  ;  and  in 
the  same  manner,  when  at  C,  D,  and  E,  it  will  be  seen 
among  the  stars  at  N,  R,  T;  therefore,  .while  the 
earth  move's  over  the  large  part  of  the  orbit  ABCDE, 
the  planet  will  have  an  apparent  motion  from  L  to  T ; 
and  this  motion  is  from  west  to  east,  or  the  same 
way  with  the  earth  ;  and  the  planet  is  said  to  move 
direct ,  or  according  to  the  order  of  ^h(^  signs. 

When  the  earth  is  near  to  A  and  E,.the  point  of 
contact  of  the  tangent  to  the  earth's  orbit,  the  planet 
will  be  stationary  for  a  short  space  of  time. 
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When  the  earth  moves  from  E  to  H,  the  planet 
seems  to  return  from  T  to  N ;  but  while  it  moves 
ibm  H  to  A,  it  will  appear  to  move  in  a  contrary 
direction,  and  thus  be  retrograde  from  N  to  L,  where 
it  will  again  be  stationary  :  and,  since  the  part  of 
the  orlnt^  which  the  earth  describes  in  pa^siyg  from 
A  to  E,  is  much  greater  than  the  part  EHP,  though 
the  space  TL,  which, the  planet  describes  indirect, 
and  retrograde  motion,  is  the  same ;  the  direct  motion 
from  L  to  T  mnst  be  much  slower  than  the  retro-  - , 
grade  moticm  from  T  to  L. 

When  the  earth  is  at  C,  a  line  drawn  from  C,  ^ 
through  S  and  P,  to  the  ecliptic,  shews  that  Mars 
is  then  in  conjunction  with  the  sun.    But^  when  the 
earth  is  at  H,  a  line  drawn  from  H  through  P,  and  . 
continued  to  the  ecliptic,  would  terminate  in  a  point 
opposite  to  S ;  therefor^,   in  this  situation,  ^ars 
would  be  in  opposition  to  the  sun.    Thus  it  appears, . 
that  the  motion  of  Mars  is  direct,  when  in  con- 
junction 5  and  retrograde,  when  in  opposition. 

ITie  retrograde  motions  of  the  superior  planets 
happen  oftener,  the  slower  their  motions  are ;  as 
the  retrograde  motions  of  the  inferior  planets  hap- 
pen oftener,  the  swifter  their  angular  motions.  Be- 
cause the  retrograde  motions  pf  the  superior  planets 
depend  upon  the  motions  of  the  earth ;  but  those  of 
the  inferior,  on  their  own  angular  motion.  A  supe- 
rior one  is  retrograde  once  in  each  revolution  of 
the  earth  ;  an  inferior,  one  in  every  revolution  of  its 
own. 
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OTHRR  PHENOMENA  OF  THE  SUPERIOR  PLANETS. 
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The  toperior  t)knetB:  are  somettlnesc  nearer  ^tli^ 
earth  than  at  other  timtfs  V  they  also  appear  I^trg^r,  . 
or    smaller,    aecbrding  t<K  tbeir  •  different  r  dist;^^Qes  / 
front  us.'    TtHis,  s«p{MJSe<  thet  earthi to  be  at  Hp. ^. 
Mars  he^at  P^ he'ifc  thevehotediaaaater.ol theearthV 
orbit  niearer  to  ofe,' than'  if  l»  i wereat  V ;:  and^  cg»-i 
sequently,  his  disc  must  appearjlargev.at  P^jthmi  it: 
ivould  be  at  'V:  '  !&•  K>tber  pkoes,:  the  distances  of 
Mars  from  tfieMsarth  ate  intermediate  J  >i\^: 

The  didmtet*  <tf*'flie  earth's  orbit  b^ano a.  greater 
rdtio'  tb*  the  'diametel*'of  thfe  orbit « of  rMars^  than 
it  does  td  the  diatiieter  of  the  orbit>  of  Jwpiter ; 
and  a  greater  to  iSisit'of  Jiipiter  thai^  of  Saturo; 
cbiisequentty,  the  difiFerence  between  the^greatest  and 
least  apparent  diameters  is  greater  in  Mai^  than  in 
Jupiter ;  atid  greater  in  'J  upiter^  than  in  SsAurk 

The  sifperi^r/ like  the  inferior  ptanets^  do  not^il- 
ways  appear  in  the  teliptic^  their  orbits*  being  inclined 
also  to  thkt  of  the  eitth;"  one-half  is  therefore  above 
the' ecliptic,  the  other  half  below  it ;  nor  are  they 
ever  seen  in  it  but  when  they  are  4n '' their  nodes. 

They  also  move'  in  an  ellipse.  They  are  som^e- 
times  nearer '  to, '  aild  sometimes  furdier  from  the 
earth.'  Their  apparent  diameter  varies  according  to. 
the  difference  in  their  distaiice. 
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Of  THS    SECONDARY .  PLANETS^   OR   SATELLrifiS. 

r 

It  has  been  already  observed,  that  four  of  the 
^riraaiy  planets^  the  -  Earthy  Jupiter^.  Saturn^  and 

' '  the  Georgium  Sldus,  are,  in  their  revplutions  round 
jdie  sun,  ^tended  by  secondary  planets^ : 

As  the  mooii  turns  round  the  .earth,  enlightening 
our  night,  by  reflecting  the  light  she  reee^yes  from 
the  son,  so  d6  th^  other  sateiUtes  enlighten  the  pla- 
ilets  to  which  they  belongs  and  mov^  .roimd  those 
][)fan^  at  differeiit  periods  iof  tiiiie,<prop0rti9n^  to 

'  their  se^ral  distances ;  andas.theimOQn.kj^ps.pom- 
pany '  with '  this  earth,  in  -its  annual,  irejrpli^t^on  .rpund 
the  kun,'  so  do  they  severaUy  accompaiiy:  th^  planets 
to  which  they  belongs  in  th^iv  seveG^l  )Gpuise5  round 

I  shall'speak  here  first  of  the  moon,  which  of  all 

the  h^vehiy^  bodies^  cxDcqpting  the  f  un,  i&  th^,most 

'  ^^lehdid  and  brilliant^  the  insiepstnibl^  companion 

"  aiid  atteiuibikt  of  our  earth.    Jn.  mythQk>^>  shje  was 

cbnsrderedias  Luna;  in  the  heavens^  t^e radiant  plar 

'  net  tft  the  night ;  vip6n  the  earth,  a%  tbft  ehf|$te  Diana, 

and  as  the  ti«mendoi|8  Hecate  in  Uel}*: 
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If  we  ims^ine  the  plane  of  the  moon's  orbit  to  be 

^xttoded  to  the  sphere  of  the  heaven^  it  would  mark 

'^  ikiktm  'A  great  eirote^  which^may  bi^  c^led  the  moon*s 


^''''-  'r<'.  V.    '.:-(/,     .•  -^v    wP  3 


I  I 


\ 


118  OF  THE   MOOK. 

apparent  orbit ;  because  tlie  moon  appears  to  the  in- 
habitants of  the  earth  to  move  in  that  circle,  through 
the  twelve  signs  of  the  zodiac^  in  a  periodical  month. 
This  position  is  illustrated  by  the  following  figure;  let 
EFGHI,  plate  ^^fig.  3,  be  the  orbit  of  the  earth ;  S 
the  sun ;  abed  the  orbit  of  the  moon,  wh' n  the  earth 
is  at  E :  let  ABCD  be  a  great  circle  in  the  sphere  of 
the  heaven,  in  the  same  plane  with  l^ie  moon's  orbit. 
The  moon,  by  going  round  her  orbit  according  to 
the  order  of  letters,  appears  to  an  inhabitant  of  the 
earth  to  gp  rouhd  in  the  great  cirqle  ABCD,  ac- 
cording to  the  order  of  those  Iptt^rs  :  for,  when  the 
moon  is  at  «,  seen  from  ^tlie  earth  at  JE^^  sJ^e  appears  at 
A;  when  the  moon  is  got  to  i,  she  appears  at  B; 
^vhen  to  c,  she  will  J<pp§ar  at  C  ;  when  arrived  at  rf, . 
she  will  appear  at  D.     It  is  true,  when  the  moon  i» 
at  J,  the  visual  lirie  drawn  from  E,  through  the 
moon,  terminates  in  L;  as  it  does  in  M,  when  the 
mnon  is  at  rf;  but  the  lines  LM^  and  DB,  being  pa- 
rallel^ and  not.  forther  distant  from  each  other  than 
the  distance  of  the  eartVjBt  orbit,  ar^^as  to  sense,  coin-^ 
cident ;  their  distance  meaeUred  in  the.  sphere  pf  the 
heaven  being  insensible :  fortbe  san^e  r^son,  though 
the  earth  moves  from  E  to  F,  in,  the  time  that  the 
moon  goes  round  her  orbit,  «o  that,  at  th6  end  of  a 
periodical  month,  Ae  moon  will  be  at  a,  and  is  seen 
from  the  earth  at  F,  in  the  line  FN  ;  the  moon  will, 
notwithstanding,  appear  at  A,  the  lines  FN  and  EA 
being  parallel,  tod,  as  to  sense,  coincident:  in  like 
manner,  in  wliateVer  pslrt  of  her  6rbit  the  earth  is,  as 
^%  I|  or  I^  the  mooh^'by  going  round  in  her  orbit. 
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will  appear  to  aii  inhabitant  of  the  earth  to  go  round 
in  the  gre:at'circle  ABCD. 

The  plane  of  the  moon's  orbit  extended  to  the 
heaven's,  cuts  the  ecliptic  in  two  opposite  points. 

The  two  points  where  the  moon's  apparent  orbit 
thus  cuts  the  ecliptic,  are  called  the  moo/is  nodes. 

The  point  where  the  moon  appears  to  cross  the 
ecliptic,  as  she  goes  into  north  latitude,  is  called  the 
moon's  ascending  node,  of  which  this  is  tlie  cha- 
racter ft  ;  the  point  where  tlie  moon  goes  into  south 
latitude  is  her  descending  node,  and  is  marked 
thus  ^  ;  the  moon's  ascending  node  is  often  called 
the  dragon  s  head  ;  her  descending  node  the  dragon's 
taih 

The  line  of  the  moonCs  node  is  a  line  drawn  from 
one  node  to  the  other.  . 

The  extremities  of  the  line  of  the  nodes  are  not 
always  diri^ted  tow^ardsi  the  same  points  of  the 
ecliptic,  but  continually  shift  their  places  from  east 
to  west ;  or,  contrary  to  the  order  of  the  sjgns,  per- 
forming an  entire  revolution  about  the  earth,  in  the 
5pace  of  something  less  than  nineteen  years. 

The  moon  appears  \n  the  ecliptic  only  when  she  is 
in  one  of  her  nodes ;  in  all  other  parts  of  her  orbit 
she  is  either  in  north  or  south  latitude,  sometimes 
nearer  to,  sometimes  further  removed  fron^  the 
ecliptic,  according  as  slie  happens  to  be  more  or  less 
distant  from  the  nodes.  ^' 

When  the  place,  in  which  the  moon  appears  to  an 
inhabitant  of  the  earth,  is  the  same  with  the  sun's 
place,  she  is  said 'to  be  in  conjunction.    When,  the 
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n)oon*s  place  is  opposite  to  the  sun*s  p]ace>  hhe  is  said 
to  be  in  opposition.  When  she  is  a  quarter  rf'a  circle 
distant  froih  the  ^un^  ^he  is  said  to  be  in  quadrature. 
Both  the  conjunction  and  the  opposition  of  the  mooa 

9iTe  termed  syzigiesy    *  ii.'    . » 

'  The  comtnbn  lun^  month,' op  the  tune  that  passes 

'betweefa'.arhy'new-i!noon  and  thfe  next  that  fi>llow«,  b 

caHed  ^si/nddical  month,  or  B.ltmation»  litdu  ^month 

containis  2^  dajrig,  12  houre,'  44  ininute9^>3  ^leconds. 

A  periodical  rAonth  is  the  time  the  moon  takes  up 

to  describe  her  otbitt  or,  in>  other :words>  the  xtime 

in  which  the  moon  performs  diie  entine  reyolution 

about  the  earth,  from  any  point  in  the  zodiac  Xq  the 

same  again  ;   and  contains  2/  days,  7  bou^rs,  43 

minuses.  .    .  .  ■  \..A  .:     j;  ,       » 

'  •  If  the  earth  had  no  revolutiort  rourtd  'the  gun,  or 

'  thig  sun  had  no  apfnitent  ^^otioninthe.ecliptii;,  the 

periodical  and  sy nodical  month  would  he  the  same ; 

'  but  ais  this  h  tiot  the'  tjAfee,  the  nloon  takes  lup  n  ionger 

'      'timfe  fo'^afes*'  from  on<b  conjunction  to  thet  next,  thw 

to  describe  Its  whble  orbit)  qr  the  time  beiw^n  o^e 

'*  '   liew^mdoh  and  .tlie  next,  is  longer  than  the  moon's 

'  periodidattime.     *  ;    ;  »  m      •;  i     •        j  . 

'  1  he  mboii  rei^Vlvefe  round  the  earth,  from  w^st  to 

feast,  ahd  thf5'  sun  apparently  revolves  round,  thft  earth 

'   '-  ^the  same  way.    Now  at  the  new-moon,  or  (wh^iii  the 

sun  and  moon  are  in  conjuDCtion,  they  both  .9^t  out 

^''    '  from  th^  s^eplace,  to  move  tbe.same.  way  round 

^ ' '  ^    tli^  eartli ';  but  the*  moon  moves  much/fastei^  thjin  the 

'       'sun,  and,  coris^qneritly,  will  overtake^it;  an4;when 

|he  rnoon  does  overtake  it,  it  will  be  a  new-moon 
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again.  If  the  sun  had  no  aj)p^Tent  motion  inthe 
ecliptic^  the  moon  would  come  lip  to  itj  of  be  in 
conjunction  again,  after  it  liad  gon^  once  round  in 
its  orbit ;  out  as  the'  sun  moves  forward  in  the  eclip- 
tic,  whjlst  the  moon  is  going  round,  me  moon  must 
move  a  little  more  than  once  round,  before  it  comes 
even  with  the  isun,  or  before  it  comes  to  conjunction. 
Hence  it  is  thal^the  time  between  one  conjunction 
and  the  next  in  succession,  is  something  more  than 
the  time  the  moon  take's  up  to  go  once  round  its 
orbit ;  or  a  synddical  inonth^  is  longer  than  a  perio* 
^  dical  one. 

In  plate  8,  ^g,  3, 1^  S  be  the  sun  ;  CP  a  part  of 

.  the  *«&irth*s  orbit;  MD  a  diameter  of  the  m6on's 

orbit  when  the  earth  is  at  A;  and  nid  another' dia* 

^^  ineter  parallel  to  the  former,  wheh  th^  earth  is  at  B. 
.  ^VhiTst  the  earth  is  at  A,  if  the  moon  be  at  D^  she 
will  be  in  conjunction  ;  andf'if  tKe  earfli  was  to  con- 
tinue at  A,  when^the  moon  had  gone  once  round  its 
orbit,  from  D  through  M,  so  as  to  ifetutn  ta  D  sgain, 
}t  would  be  again  in  conjunction.  Therefore,  upoi| 
the  supposition  that  the  earth  has  no  motion  in  its 
orbit,  the  pieriodical  arid  sy nodical  months  would  be 

,      equal  to, one  an9ther.     But  as  the  earth  does  not 

,. .   (Continue  at  A,  it  will  move  forward  in  its  orbit, 
during:  the  revolution  of  me  moon  from  A'^  to  B ; 

f , ,  i^nd  as  the  nioon's  orbit  moves  with  it,  the  diaVneter 
MD  will  then  be  m  the  position  md;  therefore, 
when  the  moon  has  described  its  orbit,  it  tvill  be  at 
dm  this  diameter  md ;  but  if  the  mbon  is  at  a,  and 
the  sun  at  S,  the  moon  will  not  be  in  conjunction ; 
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consequently,  the  periodical  month  i»  completed 
before  the  synodical.  The  moon,  in  order  to  come 
to  conjunction,  when  the  earth  is  at  B,  must  be 
at  e,  in  die  diameter  ef;  or,  besides  going  once 
round  its  orbit,  it  must  also  describe  the  arc  de. 
I'lie  synodical  month  is  therefore  longer  than  the 
periodical,  by  the  time  the  moou  takes  up  to  describe 
the  arc  de^ 

This  may  also  be  explained  in  another  manner,  by 
considering  the  apparent  motion  of  the  sun ;  a  view 
of  tlie  subject,  that  may  render  it  more  easy  to  some 
young  minds  than  the  foregoing.  Thus,  let  us  sup- 
pose the  earth  at  rest  at  E,  plate  8,  Jig^  4  ;  M  the 
moon  in  conjunction  with  the  sun  at  S,  while  the 
moon  describes  her  orbit  ABC  about  the  earth  at  E; 
let  the  sun  advance,  by  his  apparent  annual  motion, 

,  from  S  to  !)•     It  is  plain  that  the  moon  will  not 
come  in  conjunction  with  the  sun  again,  till,  besides 

.  describing  her  orbit,  she  hath  described,  over  and 
j^bove,  the  arc  MF  corresponding  to  the 'arc  SD, 
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As  the  moon  goes  round  the  earth  in  a  much 
smaller  orbit  than  that  in  which  the  earth  revolves 
round  the  sun,  sometimes  more,  sometimes  less, 
and  sometinies  no  part  of  her  enlightened-half  will 
be  towards  us  ;  hence  she  is  incessantly  varying  her 
appearance ;  sometimes  she  looks  full  upon  us,  and 
her  visage  is  all  lustre  ;  sometimes  she  shews  only 
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half  her  enlightened  face,  soon  she  appears  as  a 
radiant  crescent,  in  a  little  time  all  her  brightness 
vanishes,  and  she  becomes  a  beamless  orb. 

The  full  moon,  or  opposition,  is  that  state  ia 
which  her  whole  disc  is  enliohtened,  and  we  see  it 
all  bright,  and  of  a  circular  figure.  The  new-moon 
is  when  she  is  in  conjunction  with  the  sun  ;  in  this 
.  state^  the  whole  surface  turned  towards  us  is  dark^ 
i^nd  is  therefore  invisible  to  us. 

The  first  quarter  of  the  moon  she  appears  in  the 
forncr  of  a.  semicircle,  but  with  the  circumference 
turned  towards  the  west.  At  the  last  quarter,  she 
appears  again  under  the  form  of  a  semicircle,  but 
with  the  circumference  turned  towards  the  east. 

These  phases  may  be  illustrated  in  a  very  pleasing 
manner  to  the  pupil,  by  exposing  an  ivory  ball  to  the 
sun,  in  a  variety  of  positions,  by  which  it  may  pre- 
sent a  greater  or  smaller  part  of  its  illuminated  sur-^ 
face  to  the  observer.  If  it  be  held  nearly  in  opj^osi- 
tipn^  so  that  the  eye  of  the  observer  may  be  almost 
immediately  between  it  and  the  stm,  the  greatest 
part  of  the  enlightened  side  will  be  seen  ^  but  if  it 
be  moved  in  a  circular  orbit,  towards  the  sun,  the 
visible  enlightened  part  will  gradually  decrease,  and 
kt  last  disappear,  when  the  ball -is  held  directly  to- 
wards the  sUn.  Or,  to  apply  the  experiment:  more 
ibimediately  to  our  purpose ;  if  the  ball,  at  any  time 
when  the  sun  and  mooo  are  both  visible,  be  held  di- 
i-ectly  between  the  eye  of  the  observer  and  the  moon, 
that  part  of  the  ball  on  which  the  sun  stunes,  will 
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r,    appear  /exactly  <^,.^_fan]»9  figure  as  the   mom 
:■  itself. 

The  phases  of  the  moon^  like  those  of  Venus,  may 

r.;  atso  be  illustjrated  by  a  diagratn ;  thus,  'in  ■pUd'e  % 

u  'fig'  l>  H  S  be  the  sun,  T  tfie  earth,  !ABCt>EFGH 

f  .  the  Qrhit  of  th^  inoon»     TThe  first  ohseirvation  to  be 

pi,  •deflucedirom  tbi?,  figure  is,  that  the  half  of  the  earth 

^^  •  a)id  iiu>ojm.  .which  is^. to  wards  th^  sun,  is  wholly  en* 

lightened  by  it ;  ancf  th^i  other  half,  wIucH  is  turned 

-  '  from  rit,  i&  totally:  dark.     When  the  moon  is  in  ccm- 

: ;   junctioi^  with  tl>je  sim  at  A,  her  enlightened  hemi- 

>^  ;  splierte  is^turned  towards  the  6Ui>,  ana'the  dark  one 

r.,-  towards  the  earth  ;  in.  which  case  we  cannol  see' her, 

4ttd  itjis  said  to  be  rif w-moon.    When  the  moon  has 

Pv  .fWmrfirqrn  A  ^  B.  a  smaii;  port^^^^^ 

;.:r.  wlighter^qd  >^lep^phgre.  wjU  be  turned  towards  the 

•o: :  cartjt  }•  which^ portion  will  appear  of  the  form  repre- 

,  r;; .  Sented  at,B, /%.  2^  (a  figure  which  exhibits  thie  phases 

..i^  :  >s.t}icy  appear  tp  us)* 

a  •  As  the  moon  proceeds  in  her  orbijt,  accordine  to 
ti':.^  .'the  or^^  ^^  the.  letters,  m.ore^  and  more;  of  her  en- 
Ji  *ii  li^teijed  paj*  is;turped  towards  the  earthi  When 
-3'  ;  she  arrives  at  Ct  in.  which  position  sne  is  said  to  be 
f>'  |E|.  quadrature,  one-half  of  that  part  towards  the 
;  earth  is.  ei^lightent^^ ,  appearing  as  at  C  amon^  the 
.phases ;  thi^  appe^ranc^e  is  called  a  half-moon.  Whefi 
t  { i,  .  sh^e;  comes,  to  P;.  the,  greatest  part  of  that  half  which 
<t  >  *  isi  itoward?  us- is  enlightened  ;  the  moon  is  then  said 
,  J I  '.  to  he  .gibhousy.aqd  of  that  firjure  wjiich  is  s^eri  ^X  D> 


<«t  f 
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When  the'modn  coineii  €o£;^h%  i^  \h  dpptsOiAakf'* 


to  the  sun,  and  consequently  turns  all  her  Hkutumitedri* 
su^fkcetowanis'the  eaMV  ^nti  ihihes%ilb«  foUiacfc; 
for  whicH  reason  she  is  callcfd'  ^  fiiiUinboh.  ^  As'  she 't 
passes  througH  i\\e  other  half 'bf  heir  orbit^  frotei'E/4)jrr 
FGy  and  £t^  to  Aagain^  sliie  jpiits  ontheWittj^hamr*^ 
as  before,  but  in  a  contrary  order  or  po^itibw;'' 

As  tjie  moon,  by  reflected  light  ifrdiii  th^  ^Ull/illu«  * 
minutes  the  earth ;  so  the  earthy  doe^  inoffe  than-repajF.i 
her  kindness^  in  enlightening  th^  surface  of  the^*) 
moon,  "by  the  sun*s  reflex  lights  whiclh  she  difib9te<> 
more  abundantly  upon  the  mooh^  thaik  tbe  nioon-^^ 
does  upon  us :  for  the  surfilce*of  the  earth  i^  consi^ 
cteralbly  greater  than  thdt  of  the  ih<^on;  i^d'Cbase-^- 
quentiy,  if  both  bodies  reflect  light  in  proportion^* 
their  siz^,  the  earth  will  reflect'  niiich' more^  ligbfe* 
upon  the  moon  than  it  received  froiti  it; 

In  a  new-moon,  the  ilhiihihatt^d  side  of  the^^Wth^ 
is  fiilly  turned  towards  the  nloon,  tod  the  £<untfrisu[^ 
will  have  a  full  earth,  as  w^,  in  a  similar  positio^^ 
have  a  fulUmoon.  And  from  thence  arises  that 
dim  liidit  which  is  observed  in  the  old  and  new- 
moons ;  wKereby,  besid^^s  the  bright  and.  shinihg 
horns,  we  can  perceive  the  rest  of  nfer  body  behind 
them^  though  but  dark  and  obscure.  Now,  when 
the  moon  comes  to  be  in  opposition  to  the  sun,  the 
earth,  seen  from  the  ihoon^  will  iappekf  ii\  Conjunc- 
tion with  him,  and  its  dark  side  \<^ill  be  turned  to-» 
wards  the  nipon,  in  which  position  the  earth  will  be 
invisible  to  the  Lunarians  ;  after  this,  the  earth  will 
appear  to  them  as  a  crescent.    In  a  word,  the  earth 
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exbibiite  the  same  appearance  to  the  inhabitants  of 
the  moon,  as  the  moon  does  to  us. 

The  mo<m  turns  about  its  own  axis  in  the  same 
time  that  it  moves  round  the  earth ;  it  is  on  this  ac- 
count that  she  always  presents  nearly  the  same  face 
to  us  :  for,  by  this  motion  round  her  axis,  she  turns 
just  so  much  of  her  surface  constantly  towards  us,  as 
by  her  motion  about  the  earth  woyld  be  turned  from 
us.  This  motion  about  her  axis  is  equable  and  uni- 
form, but  that  about  the  earth  is  unequal  and .  irre-  . 

.ft 

gular,  as  being  performed  in  an  ellipses ;  conse- 
quently, the  same  precise  part  of  the  moon's  sur&ce 
caa  never  be  shewn  constantly  to  the  earth  ;  which 
is  confirmed  by  a  telescope,  by  which  we  often  ob-K 
serve  a  little  segment  on  the  eastern  and  western 
limb,  appear  and  disappear  by  turns  as  if  her  body 
librated  to  and  fro ;  this  phenomenon  is  called  the 
moon's  libration.  The  lunar  motions  are  subject  to 
several  other  irregularities,  which  are  fully  discussed 
in  the  larger  works  on  astronomy. 


OF   THE   SATELLITES   OF   JUPITER,    SATURN,   AND 

THE    GEORGIUM    SIDUS. 

The  existence  of  all  the  satellites,  except  the  moon, 
must  have  remained  unknown^  without  the  assistance 
of  the  telescope.  By  the  assistance  of  this  instru- 
ment, Jupiter  is  found  to  be  attended  by  four,  Saturn 
by  seven,  and  the  Georgium  Sidus  by  six. 

The  satellites  are  distifiguislied  according  to  their 
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placet;  into  first,  second,  &c. ;  the  first  being  that 
which  is  nearest  the  planet.  They  revolve  round 
their  respective  primaries  in  elliptic  orbits^  tlie  pri- 
mary planets  being  in  the  focus. 

The  planes  of  the  orbits  of  the  secondary  planets  ' 
produced,  intersect  the  heliocentric  orbits  of  their 
primaries  in  two  opposite  points  ;  wliich  are  called 
their  nodes. 

Again,  the  planes  of  the  orbits  of  the  satellites  pro- 
duced, intersect  the  ecliptic  in  two  opposite  points, 
these  are  called  the  o;eocentric  nodes  of  the  satel- 
lites. 

Theorbits  of  Jupiter  s  satellites  are  nearly,  but  not 
exactly,  in  the  same  plane.  This  plane  produced' 
makes  an  angle  of  about  3"  with  Jupiter  s  orbit.  '1  he 
second  deviates  a  little  firom  the  rest. 

The  orbits  of  Saturn's  satellites,  except  the  5th, 
which  deviates  from  the  rest  several  degrees,  are 
nearly  in  the  same  plane.  Tliey  are  nearly  parallel 
to  the  plane  of  the  equator.  The  orbit  of  the  5th 
satellite  makes  an  angW  with  the  orbits  of  its  primary 

oflS'^S'. 

Thesystem  of  Jupiter  and  his  satellites  is  very  large 

m  itself;  yet,  on  account  of  its  immense  distance 

from  us,  it  appears  to  occupy  but  a  small  space  in 

the  3phere  of  the  starry  heavens  ;  and,  consequently, 

every  satellite  of  Jupiter  appears  to  us  always  near 

its^  primary,  and  to  have  an  oscillator^/  motion,  like 

that  of  a  pendulum  ;    going  alternately  from   its. 

greatest  digression  on  one  side  the  planet,  to  its 
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neatest  on  the  other  ;  sometiines  in  a  straight  line^ 
al<pttiers  in  ^n^  elliptic  curve. 

Wl^efl,  a  satellite  is  in  its  ^  superior  semicircle,  or 
tiiat  half  of  its  orbit  that  is  more  distant  from  the 
^rtlKjt  its.pi.otiop  .appesirs,dii«ct  to  us;  when  a  satel* 
lite  is  in  it§.  hiferior  semicircle,  iiearest  to  the  earth, 
ti^f^  apparent  motion  of  it  is  retrograde.  Both  these ' 
motions  seem  quickest,  when  the  satellite  is  nearest 
thjg^ceijitre  of  the. primary,  and  slower  w^hen  they  are 
mora, distant ;  at  the  greatest  distance  they  appear 
8tf(t;^ppai7,  for  a  short.ti.Qie. 

,^___  *  '         -   -    •  • 

The  satellites,  and  their  primaries,  mutually  edipse 
each  other,  in  the  sapie  manner  in  which  it  has 
been  tshewn  that  the  earth  and  the  moon  do.  But 
t|)ere  ai^  three  cases, in  which  the  satellites  disappear 

to  US. 

The  one  is,  when  the  satellite  is  directly  beyond 
^^  body,  of  its,  primary,  witl^  respect  to  tlie  earth ; 
t)^i^  CBil\^?^T^o(;cultation  of  the  planet. 

i!li]riother  is,  i^h^nitis  directly  behind  its  primaiy, 
ipth  le^p^Ct  to  the  s,un9  ^^A  ^9  C^^l^  ^^^o  its  shadow, 
and  sufiers  an  eclipse,  as  the  moon,  when  the  earth 
19  interposed  between  that  and  the  sun. 

The  last  is,  when  it  is  interposed  between  the  earth 
i^nd  its  primary ;  for  the^  it  cannot  be  distin^ishea 
firom  the  primary  itself. 

It  is  not  oft^n  that  a  satellite  can  be  discovered 
xipon  the  di^c  pf  Jupitej-,  even  by  the  best  telescopes ; 
je|:cepting  jat  its  first  ejitrance,  when,  by- reason  df  its 
jb^ini;  more  directly  iUupiinated  by  the  rays  of  the 
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sun^  than  the  planet  itself^  it  appears  like  a  lucid 
spot  upon  it ;  sometimes^  however^  a  satellite  is  9een 
passing  over  the  disc  like  a  dark  spot ;  this  has  been 
attributed  to  spots  on  the  surface  of  the  satellite ;  and^ 
that  the  more  probably^  as  the  satellitehasbeen known 
to  pass  over  the  disc^  at  one  time  as  a  dark  spot^  and 
at  another  time  to  be  so  luminous,  as  only  to  be  di$« 
tinguifihed  from  the  planet  at  its  ingras  and  e^ness. 
The  b^inning  and  endings  of  these  eclipses  are 
easily  seen  by  a  telescope^  when  the  planet  is  in  a 
proper  situation ;  but  when  it  is  in  conjunction  with 
the  sun,  the  brightness  of  that  luminary  renders 
both  the  planet  and  satellite  invisible. 

By  observing  iixe  eclipses  of  Jupitar*s  satellites,  it 
was  discovered,  that  light  is  not  propagated  instanta- 
neously, though  it  moves  with  an  incredible  vdocity; 
so  that  light  reaches  from  the  sun  to  us  in  the  space 
of  eleven  minutes  of  time^  at  more  than  the  rate  of 
100,000  miles  in  a  second. 

The  orl^its  of  all  the  satellites  of  Saturn,  elccept 
the  fifth,  are  nearly  in  the  same  plane,  which  plane 
makes  an  angle  with  that  of  Satum^s  orbit,  of  about 
SI"";  this  inclination  is  so  great,  that  th^  cannot 
paai  eithv  across  Saturn  or  behind  it,  with^reqpect 
to  the  earth,  «Koept  when  th^  are  very  near  theit 
nodes;  so  that  dieir  eclipses  are  not  near  so  fire* 
queat  as  those  of  Jupiter.  An  occultation  of  the 
fourth^  behind  the  body  of  Saturn^  ha^  been  observed ; 
wd  Cassim  once  saw  a  star  covered  by  the  fourth 
satellite^  so  that  for  13  minutes  they  appeared  as  one. 
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Those  phenomena,  that  are  termed  eclipses,  were, 
in  former  ages,  beheld  with  terror  and  amazement, 
and  looked  upon  as  prodigies  that  portended  cala- 
mity and  misery  to  raankirid.  These  fears,  and  the 
erronious  opinions  which  produced  them,  had  their 
source  in  the  hieroglyphical  language  of  the  first 
inhabitants  of  the  earth.  We  do  not,  however, 
imagine  that  even  the  most  ancient  of  these  knew 
any  more  of  the  laws  and  motions  of  the  heavenly 
bodies,  than  what  could  be  discovered  from  imme- 
diate sight ;  or,  that  they  knew  enough  of  the  lunar 
system  to  calculate  an  eclipse,  or  even  that  they 
ever  attempted  it. 

The  word  eclipse  is  derived  from  the  Greek,  and 
signifies  dereliction,  a  fainting  away  or  swooning. 
.  Now,  as  the  moon  falls  into  the  shadow  of  the  earth, 
and  is  deprived  of  the  sun's  enlivening  rays,  at  the 
time  of  her  greatest  brightness,  and  even  appears 
pale  and  languid  before  her  obscuration ;  lunar 
eclipses  were  called  lunce  labores,  the  struggles  or 
labours  of  the  moon  ;  to  relieve  her  from  these  ima- 
gined distresses,  superstition  adopted  methods  as 
impotent  as  they  were  absurd. 

When  the  moon,  by  passing  between  us  and  the 
sun,  deprived  the  earth  of  its  light  and  heat,  the  sun 
was  thought  to  turn  away  his  face,  as  if  in  abhorrence 
of  the  crimes  of  mankind,  and  to  threaten  everlasting 
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night  and  destruction  to  the  world.  But^  thanks  to 
the  advancement  of  science^  which^  while  it  has  deli- 
vered us  from  the  foolish  fears  and  idle  apprehensions  ' 
of  the  ancients^  leaves  us  in  possession  of  their  repi^- 
sentative  knowledge^  enables  us  to  explain  the  ap-^ 
pearances  on  which  it  was  founded^  and  points  out 
the  perversion  and  abuse  of  it. 

Any  opake  body^  that  is  exposed  to  the  light  of 
the  sun,  will  cast  a  shadow  behind  it.  This  shadow 
is  a  space  deprived  of  light,  into  which,  if  another 
body  comes,  it  cannot  be  seen  for  want  of  light ; 
the  body  thus  falling  within  the  shadow,  is  said  to 
be  eclipsed. 

Ilie  earth  and  moon  being  opake  bodies,  and  de- 
riving their  light  from  the  sun,  do  each  of  them  cast 
a  shadow  behind,  or  towards  the  hemisphere  opposed 
to  the  sun.  Now,  when  either  the  moon  or  the  earth 
passes  through  the  other*s  shadow,  it  is  thereby  de* 
prived  of  illumination  from  the  sun,  and  becomes  in- 
visible to  a  spectator  on  the  body  from  whence  «the 
shadow  comes ;  and  such  spectator  will  observe  an 
eclipse  of  the  body  which  is  passing  through  the 
shadow ;  while  a  spectator  on  the  body  which  passes 
through  the  shadow,  will  observe  an  eclipse  of  the 
sun,  being  deprived  of  his  light. 

Hence  there  must  be  three  bodies  concerned  in  an 
eclipse ;  l .  the  luminous  body ;  2.  the  opake  body 
that  casts  the  shadow ;  and^  3.  the  body  involved  in 
the  shadow. 
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As  the  etrth  in  an  opake  body,  enlightened  by  the 
ran,  it  will  cast  a  shadow  towards  tbpae  {muIs  that 
are  opposite  to  the  san ;  and  the  axis  of  this  shadow 
will  always  be  in  the  plane  of  the  ecliptic,  because 
both  the  sun  and  the  earth  ate  always  tliere. 

The  sttii  and  the  earth  are  both  spherical  bodies ; 
if  tb^  were,  therefore,  of  an  equal  riae,  the  shadow 
of  the  earth  would  be  cylindrical,  as  in  plate  8,J^.  5{ 
and  would  continue  of  the  same  breadth  at  all  dis* 
tances  from  the  earth  ;  and  would,  consequently,  ex- 
tend to  an  infinite  distance,  so  that  Mara,  Jupiter, 
or  Saturn,  mi^t  be  eclipsed  by  it;  but,  as  the  pknets 
are  never  eclipsed  by  the  earth,  this  is  not  the  shape 
of  the  shadow ;  and,  consequently,  the  earth  is  not 
€iqual  in  site  to  the  sun. 

If  the  sun  were  less  than  the  earth,  the  shadow 
would  be  wider  tlie  farther  >t  was  from  theesHrth^  see 
piaie  8,  J^.  6 ;  and  would,  iheiefore^  reaph  to  the 
orbits  of  Jupiter  audi  Saturn,  and  eclipse  any  of  these 
planets  when  the  earth  came  between  the  sun  and 
them ;  but  tbe  earth  never  eclipses  them,  therefore 
this  is  not  the  ts^pe  of  its  ^adow;  aiid,  consequently, 
the  sun  is  not  less  than  the  earth. 

As  we  have  proved  that  the  earth  is  neither  larger 
nor  equal  to  the  snn,  we  may  fiurly  conclude  that  it 
is  less  ;  and,  that  the  shadow  of  the  earth  is  a  cone; 
which  ends  in  a  point  at  some  distance  from  the 
earthy  see  plate  8,  ^g.  J. 


OF   SCUPSES  OF  Tax  MftON.  133 

Thq^xis  of  the  earths  shadow  fliUs  always  upon 
that  point  of  the  ecliptic  that  if  opposite  to  the  8un*a 
geocentric  place ;  thus^  if  the  son  be  in  the  first  point 
of  Aries,  the  ai^i^  of  the  earth*s  shadow  will  tenni* 
nate  in  the  fiirsf  point  of  Libra.  It  is  clear^  tlierefore, 
that  there  can  be  hq  eclipse  of  the  moon  but  when 
the  earth  it  interposed  between  it  and  the  sun ;  thttt 
is,  at  the  time  of  its  apposition,  or  when  it  isJuU ; 
for,  unless  it  is  opposite  to  the  sun^  it  nev^  can  be  in 
the  earth's  shadow :  and,  if  the  moon  did  always 
move  in  the  plane  of  the  ecliptic^  she  would^  eveiy 
full-moon^  pass  tturongb  the  body  of  the  shadow,  and 
then  it  would  be  a  total  eclipse  of  the  moon. 

We  have  already  ob8erved>  that  the  moon*s  orbit  is 
inclined  to  the  plane  of  the  ecliptic,  and  oijly  coin** 
eides  with  il  in  two  places,  which  are  termed  th^ 
nodes.  It  may,  ther^ore,  be  {ull-moon**^  without  l|er 
beii^  in  the  plane  of  the  ecliptic ;  she  may  be  either 
mi  the  north  or  tlie  south  side  of  it ;  in  either  qt 
these  eases  she  will  not  enter  into  the  shadow,  but 
be  above  it  in  the  one,  and  below  it  in  the  other. 

To  illustrate  this,  let  HG,  plate  10,  J%.  1,  re* 
fir^sont  the  wbit  of  the  moon ;  £F  the  plane  of  the 
ecliptic,  in  which  the  centre  of  the  earth's  shadow 
always  moves ;  and  N  the  node  of  the  moon's  orbit ; 
ABCD  four  places  of  the  shadow  of  the  earth  in 

*  A  planet  may  be  in  opposition  to,  or  conjunction  with,  the 
sun,  without  being  in  a  right  line  that  passes  through  the  sun  and 
the  earth.  Astronomers  term  it  in  conjmietion  with  the  tun,  if  it 
lie  in  th»sane  part  of  the  zodiac;  in  opposition,  if  it  be  ia  a  part 
of  the  zodiac,  180*  from  the  «nn.  . 
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the  ecliptic.  '  When  the  shadow  is  at  A,  and  tli6 
moon  at  I,  there  will  be  no  eclipse  ;  when  the  full 
moon  is  nearer  the  node,  as  at  K,  only  part  of  her 
globe  passes  through  the  shadow,  and  that  part  be- 
eoming  dark,  it  is  called  a  partial  ecKpse;  and  it  is 
said  to  be  of  so  many  digits  as  there  are  twelfth  parts 
of  the  moon's  diameter  darkened.  When  the  fuU- 
mobn  is  at  M,  she  enters  into  the  shadow  C;  and, 
passing  through  it,  becomes  wholly  darkened  at  L, 
and  leaves  the  shadow  at  O :  as  the  whole  body  of  the 
moon  is  liere  immersed  in  the  shade,  this  is  called  a 
total  eclipse;  but,  when  the  moon's  centre  passes 
through  that  of  the  shadow,  which  can  only  happen 
when  she  is  in  the  node  at  N,  it  is  called  a  total  and 
ventral  eclipse.  There  will  always  be  such  eclipses, 
when  the  centre  of  the  moon  and  axis  of  the  shadow 
meet  in  the  nodes. 

The  duration  of  a  central  eclipse  is  so  long,  as  to 
let  the  moon  go  tl^e  length  of  three  of  its  diameters 
totally  eclipsed,  which  stay  iii  the  earth's  shadow,  is 
computed  to  be  about  four  hours;  whereof  the 
moon  takes  one  hour,  frotn  its  beginning,  to  enter 
the  shadow,  till  quite  immersed  therein  ;  two  hours 
more  she  continues  totally  dark  ;  and  the  fourth  hour 
is  taken  up  from  her  first  beginning  to  come  out  of 
the  shadow,  till  she  is  quite  out  of  it. 

In  the  beginning  of  an  eclipse,  the  moon  enters 
the  western  part  of  the  shadow  with  the  eastern 
part  of  her  limb ;  and,  in  the  end  of  it,  she  leaves 
the  eastern  part  of  the  shadow  with  the  western 
part  of  her  limb.     All  the  intermediate  time,  from 
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her  entranoe  to  her  quitting  the  shadow,  is  reckoned 
into  tlie  eclipse ;  but  only  so  much  into  the  total 
immersion,  as  passes  while  the  moon  is  altogether 
obscured. 

'From  the  magnitude  of  the  sun,  the  size  of  the 
earth,  their  distance  from  each  other,  the  refraction 
of  the  atmosphere,  and  the  distance  of  the  moon 
from  the  earth,  it  has  been  calculated  that  the 
shadow  of  the  earth  terminates  in  a  point,  which 
does  not  reach  so  far  sts  the ,  moon  s  orbit.  The 
moon  is  not,  therefore,  eclipsed  by  the  shadow  of 
the  earth  alone.  The  atmosphere,  by  refracting, 
some  of-  the  rays  of  the  sun,  and  reflecting  others, 
cast  a  shadow,  tbon^notso  dark  a  one  as  that  . 
which  arises  from  an  opake  body ;  when,  therefore, 
we  say  that  the  mooH  i?  edipsed,  by  passing  into 
the  shadow  of  the  earth,  it  is  to  be  understood  of 
the  shadow  of  the  earth,  together  with  its  atmos^ 
phcre.  Hence  it  is  that  the  moon  is  visible  in  eclipses, 
the  shadow  ca$t  by  the  atmosphere  not  being  so  ' 
dark  as  that  cast  by  the  earth. ,  The  cone  of  this 
shadow  is  lai^r  than  the  cone  of  the  €arth>  sha- 
dow, the  base  thereof  broader,  the  axis  longer. 
There  have  been  eclipses  of  the  moon,  in  which  the 
moon  has  entirely  disappeared  :  Hevellus  mentions 
one  of  this  kind,  which  happened  in  Aiigust  1647, 
when  he  was  not  able  to  distinguish  the  place  of  the 
moon,  even  with  a  good  telescope,  although  the  sky- 
was  sufficiently  clear  for  him  to  see  the  stars  of  the 
^fth  magnitude. 

All  opakc  bodies,  whe^  illuminated  by  the  rays 
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of  the  sun,  cast  a  shadow  from  them^  which  is  en- 
compassed by  a  penumbra^  or  thinner  shadow;  whkh 
every  where  smronnds  the  former,  growiAg  luger 
and  larger  as  we  recede  from  the  body:  in  Other 
words,  the  penumbra  is  all  that  space  surrounding 
€he  ^shadow,  into  which  tiie  rays  of  light  can  only 
come,  from  some  part  of  that  half  of  the  globe  of  the 
sun  which  is  turned  towards  the  planet,  all  the  rest 
being  intercepted  by  Ae  intervening  body. 

Let  S,  plate  10, Jig.  2,  be  the  nm  $  E  the  planet; 
then  the  pehumbral  cone  is  FGH.  The  nearer 
any  part  of  the  penumbra  is  to  the  shadow,  the  lesa 
Ifght  it  receives  from  the  sun ;  but  the  further  it  is, 
the  more  it  is  enlightened ;  thus  the  parts  of  the 
penumbra,  near  M,  are  ilittminatod  by  thoae  ray^  of 
light  which  come  fiY>mthat  part  of  the  sun  near  to  I^ 
atl  the  rest  being  intercepted  by  the  planet  £•  In 
likOc  manner,  the  parts  about  N  can  only  receive  the 
light  that  comes  from  the  part  of  the  Suu  near  to  L '; 
whereas  the  parts  of  the  penumbra  at  P  and  Q  are 
enlightened  in  a  much  greater  degiee :  for  the  planet 
intercepts  from  P  only  those  rays  which  come  from 
the  sun  near  L,  and  hides  fr^m  Q  only  a  small  part 
of  the  sun  near  I. 

The  moon  passes  through  the  penumbra  before 
she  enters  into  the  shadow  of  the  atmosphere,  lliis 
causes  her  gradually  to  lose  her  light,  iif  hich'  is  not 
sensible  at  first ;  but  as  she  goes  into  the  darker  part 
of  the  penumbra,  she  grows  paler.  The  penumbra, 
where  it  is  contiguoui^  to  the  shadow,  is  so  dark,  that 
it  is  difficult  to  distinguish  one  from  the  other.     If 
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t)ie  aUnofi^iere  be  secene^  every  eclipse  of  the  moon 
is  visible  at  the  same  instant  to  all  the  inhabitants  of 
that  side  of  the  earth  to  which  he  is  opposite. 

The  moon  in  a  total  eclipse^  generally  appears  of 
a  dnsky  reddish  colour,  especially  towards  the  edges ; 
Imt  of  a  darker  towards  the  middle  of  the  shadow. 


OF  ECLIPSES   OF  THE   SUN. 

The  moon,  when  in  conjunction,  if  near  one  of 
her  nodes,  will  be  interposed  between  us  and  the 
sun,  and  will  consequently  hide  the  sun,  or  a  part 
c^  him,  ifom  us,*  and  cast  a  shadoye  upon  the  earth : 
this  is.  called  an  eclipse  of  the  sun ;  it  may  be  either 
paitial  or  totaU 

An  eclipse  of  any  lucid  body  is  a  deficiency  or  di- 
minution of  light,  which  would,  otherwise  come  from 
it  to  our  eye,  and  is  caused  by  the  interposition  of 
some  cpake  body. 

.  The  eclipses  of  the  sun  and  moon,  though  ex- 
pressed l^  the  same  word^  are  in  nature  very  dif- 
ferent; the  sun,  in  reality^  loses  nothing  of  its 
native  lustre  in  the  greatest  eclipses,  but  is  all  the 
while  incessantly  sending  forth  streams  of  light  every 
way  round  hm»  sis  copiously  as  before.  Some  of 
these  streams  are,  however,  intercepted  in  their 
way  toivards  our  earth,  by  the  moon  coming  be- 
jtween  the  earth  ar>d  the  sun:  and  the  moon  having 
no  light  of  her  own,  and  receiving  none  from  the  sun 
i^n  that  half  of  the  globe  which  is  towards  our  eye. 


138 


OF   ECLIPSES   OF   THE   SUN. 


must  appear  dark,  and  make  so  much  of  the  sun's  disc 
appear  so^  as  is  hid  from  us  by  her  interposition. 

What  is  called  an  eclipse  of  the  snn^  is^  therefore, 
in  reality^  an  eclipse  of  the  earth,  which  is  deprived 
of  the  sun's  Hght^  by  the  moon  s  coming  between, 
and  casting  a  shadow  upon  it.  The  earth  being  a 
globe,  only  that  half  of  it,  which  at  any  time  is 
turned  towards  the  sun,  can  be  enlightened  by  him 
at  that  time;  it  is  upon  some  part  of  this  enlightened 
half  of  the  earthy  that  the  moon  s  shadow,  or  pe* 
numbra^  falls  in  a  solar  eclipse. 

The  sun  is  always  in  the  plane  of  the  ecliptic;  but 
the  moon  being  inclined  to  this  plane,  and  only  co- 
inciding with  it  at  the  nodes,  it  will  not  cover  eithm*. 
the  whole  or  a  part  of  the  sun ;  or^  in  other  words> 
the  sun  will  not  be  eclipsed,  unless  the  moon  at  that 
time  is  in  or  near  one  o£  her  nodes. 

The  moon,  however,  cannot  be  directly  between 
the  sun  and  us,  unless  they  are  both  in  the  same  part 
of  the  heavens  ;  that  is,  unless  they  are  in  conjunc- 
tion- Therefore,  the  sun  can  never  be  eclipsed, 
but  at  the  new- moon,  nor  even  then,  unless  the 
moon  at  that  time  is  in  or  near  one  of  her  nodes.    * 

From  hence  it  is  easy  to  shew,  that  the  darkness, 
of  our  Saviour's  crndjixiony  was  not  owing  to  an 
eclipse  of  the  sun.  For  the  crucifixion  happened  at 
the  time  of  the  Jewish  passover,  and  the  passover^ 
by  the  appointment  of  the  law,  was  to  be  celebrated 
at  the  full-moon ;  the  sun  could  not,  therefore,  be 
^clipsed  at  the  time  of  the  passover.  An  intelligent 
tutor  will  find  many  opportunities  of  observing  to  his 
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j)Upil,  that  nature,  and  philosophy  which  explains 
the  phenomena  of  nature^  do  always  agree  with  di- 
vine revelation. 

The  moon  being  much  smaller  than  the  earth,  and 
having  a  conical  shadow,  because  she  is  less  than 
the  sun,  can  only  cover  a  small  part  of  the  earth  by 
her  shadow ;  though,  as  we  have  observed  before, 
the  whole  body  of  the  moon  ttiay  be  involved  ia 
that  of  the  earth.  Hence  an  eclipse  of  the  sun  is 
visible  but  to  a  few  inhabitants  of  the  earth  ;  whereas 
an  eclipse  of  the  moon  may  be  seen  by  all  those 
that  are  on  that  hemisphere  which  is  turned  towards 
it.  In  other  words,  as  the  moon  can  never  totally 
eclipse  the  earth,  there  will  be  many  parts  of  the 
globe  that  will  suffer  no  eclipse,  though  the  sun  be 
above  their  horizon. 

An  eclipse  of  the  sun  always  begins  on  the  west- 
em,  and  ends  on  the  eastern  side ;  because  the  moon 
moving  in  her  orbit  from  west  to  east,  necessarily 
first  arrives  at  and  touches  the  sun's  western  limbj 
and  goes  oiF  at  the  eastern.  * 

It  is  not  necessary,  in  order  to  constitute  a  central 
eclipse  of  the  sun,  that  the  moon  should  be  exactly 
in  the  line  of  the  nodes,  at  the  time  of  its  conjunc- 
tion ;  for  it  is  sufficient  to  denominate  an  eclipse  of 
the  sun  central^  that  the  centre  of  the  moon  be 
directly  between  the  centre  of  the  sun.  and  the  eye 
of  the  spectator ;  for  to  him,  the  sun  is  then  cen- 
trally eclipsed.  But  as  the  shadow  of  the  moon  can 
cover  but  a  small  portion  of  the  earth,  it  is  obvious 
this  may  happen  when  the  moon  is  not  in  one  of- her 
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nodes.    Fnrther^  the  sun  may  be  eclipsed  centnJl^^ 
totally^  partially,  and  not  at  all>  at  the  same  time. 

A  total  eclipse  of  the  sun  is  a  very  carious  spec« 
tacle :  Clavim  says  that,  in  that  which  he  observed 
ia  Portugal,  in  1 6iO^  the  obscurity  was  greater,  or 
moFS  sensible  than  diat  of  the  night :  the  laigf^t 
stars  made  their  appearance  for  about  a  minute  or 
two,  and  the  birds  were  so  terrified,  that  they  fell  to 
the  ground^ 

Thus,  in  flate  10,  ^g.  3  ;  kt  ABC  be  the  sun ; 
MN  the  moon ;  hlg  part  of  the  cone  of  the  moonV 
shadow ;  fi  the  penumbra  of  the  moon  :  from  diis 
figure  it  is  easy  to  perceive, 

I.  Hiatthose  parts  ofthe  earth  that  are  within  the 
drcie  represented  by  gh^  are  covered  by  the  shadow 
of  the  moon,  so  that  no  rays  can  come  from  any  part 
of  the  sun  ii^to  that  circle^  on  account  of  the  inter- 
position of  the  moon. 

S.  In  those  parts  of  ^  earth  where  the  penumbra 
&Ils,  only  part  of  the  sun  is  visible ;  thus,  between  d 
and  gy  the  parts  of  the  sua  -near  C  cannot  be  seen, 
the  rays  coming  from  thence  towards  dor  g  being 
intercepted  by  the  moon ;  wherea«,  at  the  same  time» 
the  parts  between/  and  A  are  illuminated  by  rays 
coming  from  C,  but  are  deprived  by  the  moon  of 
such  as  come  from  A. 

3.  The  nearer  any  part  of  the  earth,  withiii  the 
penumbra,  is  to  the  shadow  of  tlie  moon^  as  in  places 
nearg,  /,  or  A,  the  less  portion  c^  the  s«n  is  vv^ible  to 
its  inhabitants ;  the  nearer  it  is  to  the  outside  of  the 
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pCTumbm^  as  towaids  iy  e^  off,  th^  greater  pordaa 
of  the  sun  may  be  seen. 

4.    Oirt  of  the  peaiiaibny  llie  entire  disc  of  the 
eun  is 


OF  THS  UMITS  OF  SOLAR  A)91>  LUNAR 

SCLIPSCS. 

The  4tstaQoe  of  the  moon,  in  d^reesand  minutes^ 
above  or  bdiow  die  ecliptic  line,  is  catted  her  latitude. 
If  she  be  above  the  ecliptic,  she  is  said  to  have  north; 
if  below  it,  south  latitude. 

If  the  latitude  at  any  time  exceed  the  sum  of  the 
semidiameter  of  the  moon,  equa|  to  1 6^  min.  and  ' 
the  earth's  shadow  equal  to  45i  minutes,  die  moon 
at  that  time  cannot  be  eclipsed ;  but  v^Ul  either  pass 
under  or  over  the  shadow,  according  as  she  happens 
to  be  above  or  below  the  ecliptic  line. 

The  distance  from  the  node,  either  before  or 
,  after  it,  corresponding  to  die  above  extent,  is  about 

12  degrees,  whidi  is  conse(|uently  the  limit  of  iungr 
od^Mes:    for  when  a  fiiU^moon  happens  within 

13  degrees  of  the  nodes,  she  will  be  eclipsed; 
And  tl^  nearer  to  the  nodes,,  the  grater  will  the 
eclipse  be. 

If  at  t;be  new-moon,  the  latitude  exceeds  the  sum 
of  the  semidiametf  rs  of  the  sun  167  minutes^  and  of 
the  moon'l6|^  minutes,  we  should  see  no  eclipse  of 
tlie  sun  from  the  centre  of  the  earth,  fiat  as  we 
view  the  luminaries  from  thh  surface,  which  is  much 
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higher^  we  are  obliged  to  take  in  the  semidiameter 
of  the  earth  as  seen  from  the  moon.  Then,  if  the 
latitude  of  the  moon  be  greater  than  the  sum  of 
these  three  numbers,  94|  minutes,  the  sun  will  not 
be  eelipsed ;  for  the  moon  will  pass  either  over  or 
imder  his  disc,  according  as  she  is  above  or  below 
the  ecKptic  line.  The -distance  from  the  node  on 
either  side  agreeing  to  the  above-mentioned  extent, 
is  the  18  degrees,  which  is  the  utmost  limit  of  solar 
eclipses  J  whence  it  follows,  that  if  the  sun  and  moon,, 
at  the  time  of  new-moon,  happen  to  be  within  18 
degrees  of  the  node^  the  sun  will  be  eclipsed. 


OF  THE   PERIOD   OF   ECLIPSES. 

If  the  places  of  the  moon's  nodes  were  fixed, 
eclipses  would  always  happen  nearly  at  the  same 
time  of  the  year ;  but  as  they  have  a  motion  of 
about  3  min.  1 1  §ec.  every  day  backwards,  or  con- 
trary to  the  order  of  the  signs,  the  succeeding 
eclipse  must  recede  likewise;  and  in  one  revolu- 
tion of  the  nodes,  which  is  completed  in  18  years, 
iJ24  days,  3  hours,  they  will  revolve  in  a  retrograde 
manner  through  the  year,  and  return  to  the  same 
places  again. 

But  there  is  a  more  correct  period,  called  the 
Chaldean  Saros,  which  is  18  years,  11  days,  7 
hours,  43  min. ;  for,  in  that  time,  the  sun  xmd  moon 
advance  just  as^  far  beyond  a  complete  dipect  re- 
volution in  the  ecliptic,  as  the  nodes  want  of  com- 
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pletin^  their  retrograde  one :  consequently,  as  the 
sttn  tod  moon  meet  the  nodes  at  the  end  of  that  pe- 
riod^ the  same  solar  and  lunar  aspects^  which  hap« 
pened  1 8  years^  1 1  days^  7  hours^  43  minutes  ago, 
will  return,  and  produce  eclipses  of  both  luminaries, 
for  many  ages,  the  same  as  before. 

Of  ancient  astronomical  observations  much  has 
been  said,  with  very  little^foundation,  by  many  mo- 
dem writers :  the  oldest  eclipses  of  the  moon  that 
Hipparchus  dould  make  any  use  of,  went  no  higher 
than  the  year  before  Christ  J  21.  Whatever  obser- 
vations, therefore,  the  Chaldeans  had  before  this, 
were  probably  very  rude  and  imperfiect*. 


OF  PARALLAX  AND  REFRACTION. 

Astronomy  is  subject  to  many  difficulties,  besides 
those  which  are  obvious  to  every  eye.  When  we 
look  at  any  star  in  the  heavens,  we  do  not  see  it  in 
its  real  place;  tlie  rays  coming  from  it,  when  they 
pass  out  of  the  purer  ethereal  medium,  into  our 
coaraer  aiid  more  dense  atmosphere,  are  refracte4y 
or^bent  in  such  a  manner,  as  to  shew  the  star  higher 
than  it  really  is.  Hence,  we  see  all  the  stars  before 
they  rise,  and  after  they  set;  ^nd  never,  perhaps,  see 
any  one  in  its  true  place  in  the  heaven$.  There  is 
another  difference  in  the  apparent  situation  of  the 
heavenly  bodies,  which  arises  from  the  stations  in 

♦  Cos/ard-s  History  of  Astfonomy. 
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which  an  observer  views  them.    This  diflferenc^  ia 
situatioQ  is  called  the  ^MxrallOx  of  an  object. 


OF  "PARALLAX. 

The  parallax  of  any  object  is  the  iliflEemice  be- 
tween the  places  that  the  object  is  referred  to  ia  the 
celestial  sphere^  whea  seen  at  the  same  time  frocoi 
two  different  places  within  that  sphere.  Or^  it  is 
the  angle  under  which  any  two  places  in  the  inferior 
orbits  are  seen  from  a  superior  planet^  or  even  -the 
^ed  stars. 

The  parallaxes  principally  used  by  astronomers/ 
are  those  which  arise  from  considering  the  object 
as  viewed  from  the  centres  of  the  earth  and  the  sun, 
from  the  surface  and  centre^  of  the  earthy  and  from 
all  three  compounded. 

The  difference  between  the  place  of  a  planet,  as 
seen  from  the  sun,  and  the  same  as  seen  from  the 
earth,  is  called,  tlie  parallax  of  the  annual  orbit ;  in 
other  words^  the  angle  at  any  planet,  subtended  be- 
tw^en^the  sun  and  the  earth,  is  called  the  parallax 
of  the  earth's,  or  annual  orbit.  - 

The  diurnal  parallax  is  the  change  of  the  apparent 
place  of  a  fixed  star,  or  planet,  of  any  celestial  body, 
arising  froih  its  being  viewed  on  the  surface,  or  from 
the  centre  of  the  earth. 

Tlie  annual  parallax  of  all  th^  planets  is  very  consi* 
dterable,  but  that  of  the  fixed  stars  is  imperceptible. 

The  fixed   stars  have  no  diurnal  parallax;  the 
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moon^  a  coiisidcmble  one ;  that  of  the  planets  is 
greater  or  less,  according  to  their  distances. 

To  explain  the  parallaxes,  with  respect  to  the  earth 
only,  let  HSW,  plate  T^jig^  3,  represent  the  earth ; 
T,  the  centre  thereof;  ORG,  part  of  the  moon's 
orbit ;  Vrgy  part  of  a  planet* s  orbit ;  ZaA,  part 
of  ^  stany  heavens.  Now,  to  a  spectator  at  S, 
upon  the  sur£icd  of  the  earth,  let  the  moon  appear 
in  G ;  that  is,  in  the  sensible  horizon  of  S,  and  it 
will  be  referred  to  A ;  but  if  viewed  from  the  centre 
T,  it  will  be  referred  to  the  point  P,  which  is  its 
true  place. 

The  arc,  AD,  will  be  the  moon's  parallax ;  the 
angle,  SGT,  the  parallactic  at^le  ;  or  the  parallax 
is  expressed  by  th^  angle  under  which  the  semi-* 
diameter  TS  of  the  earth  is  see|i  from  the  moon. 

If  the  parallax  be  considered  with  respect  to 
different  planets,  it  will  be  greater  or  less  as.  those 
objects  are. more  or  less  distant  from  the  earth; 
thus  the  parallax  AD  of  G  is  greater  than  the  p^raUax 
Ad  of  g. 

If  it  be  considered  with  respect  to  the  same  planet, 

it  is  evident  that  the  horizontal  parallax,  or  the  pa- 

< 

rallax  when  the  object  is  iti  the  horizon,  is  greatest 
of  all,  and  diminishes  gradually,  as  the  body  rises 
ftbove  the  horizon,  until  it  oomes  to  th#  zenith, 
where  the  parallax  vanishes,  or  becomes  eC|iial  to 
nothing.  Thus  AD  and  A(f,  the  horizontal  para&xes 
of  G  and  ^,  are  greater  than  aB  and  ab^  the  patal]axe^ 
•f  R and  r ;  buttbe objects O and  P,  seen firom  S or 
T,  appear  in  tfae  same  pkicj?  Z,  or  tiid  zenith. 
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By  knowing  the  parallax  of  any  celestial  object; 
its  distance  from  the  centre  of  the  earth  may  be 
easily  obtained  by  trigonometry.  Thus,  if  the  dis- 
tance of  G  from  T  be  sought  in  the  triangle  STG, 
ST  being  known,  and  the  angle  ^GT  determined  by 
observation,  the  side  TG  is^  thence  known. 

The  parallax  of  the  moon  may  be  determined  by 
two  persons  observing  her  from  different  stations  at 
the  same  time;  she  being  vertical  to  the  one  and 
horizontal  to  the  other.  It  is  generally  concluded 
to  be  about  5/  • 

But  the  parallax  most  wanted  is  that  of  the  sun, 
whereby  his  absolute  distance  from  the  earth  is 
known  ;  and  hence  the  absolute  distances  of  all  the 
other  planets  would  be  also  known,  from  the  second 
Keplerian  law.  But  the  parallax  of  the  sim,  or  the 
anffle  under  which  the  seroidiameter  of  the  earth 
would  api3ear  at  that  distance,  is  so  exceeding  small, 
that  a  mistake  of  a  second  will  cause  an  error  of 
several  millions  of  miles. 


OF   REFRACTION. 

;  As  one  of  the  principal  objects  of  astronomy  is  to 
fix  the  situation  of  the  several  heavenly  bodies,  it  is 
necessary,  as  a  first  step^  to  understand  the  causes 
which  .occasion  a  false  appearance  of  the  place  of 
those  objects,  and  make  us  suppose  them  in  a  dif- 
ferent situation  from  that  which  they  really  have. 
Among/these  causes,  refraction  is  to  be  reckonedr 
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By  this  term  is  meant  the  bending  of  the  rays  of 
light,  as  they  jpass  out  of  one  medium  into  another. 

The  earth  is  every  where  surrounded  by  an  hete- 
rogeneous fluid,  a  mixture  .of  air,  vapour,  and  ter- 
restrial exhalations,  that  extend  to  the  regions  of  the 
sky.  The  rays  of  light  fyom  the  sun,  moon,  and 
stars,  in  passing  to  a  spectator  upon  earth,  come 
through  this  medium^  and  are  so  refracted  in  their 
passage  through  it,  that  their  apparent  altitude  is 
greater  than  their  true  altitude. 

Let  AC,  plate  7,  J%*.  3,  represent  the  surface  of 
the  earth ;  T,  its  centre ;  BP,  a  part  of  the  atmo- 
sphere ;  H£K,  the  sphere  of  the  fixed  stars  ;  AF, 
the  sensible  horizon ;  -  G,  planet ;  GD,  a  ray  of 
Kght  proceeding  from  the  planet  to  D,  where  it 
enters  our  atmosphere,  and  is  refracted  towards  the 
Une  DT,  which  is  perpendicular  to  the  surface  of 
the  atmosphere  ;  and  as  the  uppier  air  is  rarer  than 
that  near  the  earth,  the  jray  is  continually  entering 
a  denser  medium,  and  is  every  moment  bent  to- 
wards T,  which  causes  it  to  describe  a  curve,  as  DA, 
and  to  enter  a  spectator's  ^e  at  A,  as  if  it  came  from 
£,  a  point  above  G,  And  as  an  object  always  ap- 
jjears  in  that  line  in  which  •  it  enters  the  eye,  the 
planet  will  appear  at  £,  higher  than  its  true  place, 
and  freqiieutly  above  the  horizpii.AF,  when  its  true 
place  is  below  it,  at  G«  t 

This  refraction  is  greatest  at  the  horizon,  and  de-« 
creases  very  fast  as  the  altitude  increases,  insomuch 
that  the  refraction  at  the  horizon  differs  from  the  re- 
fraction at  a  v^ry  few  degrees  above  the  horizon^  by 
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about  one-third  part  of  the  whole  quantity.  At  the 
horizon,  in  this  climate,  it  is  found  to  be  about  33', 
In  climates  nearer  to  the  equator,  where  the  air  is 
purer,  the  refraction  is  less ;  and  in  the  colder  cli- 
mates, nearer  to  the  pole,  it  increases  exceedingly ; 
and,  is  a  happy  provision  for  lengthening  the  ap- 
pearance of  the  light,  at  those  regioM  so  remote 
from  the  sun.  Gassendvs  relates  that,  some  Hol- 
landers who  wintered  in  Nova  Zemhk,  in  lat.  75^ 
were  surprized  with  a  sight  of  the  sun  seventeen  days 
before  they  expected  him  in  the  horizon.  This 
difference  was  owing  to  the  refraction  of  the  atmo- 
sphere in  that  latitude.  To  the  same  cause,  together 
with  the  peculiar  obliquity  of  the  moon's  orbit  to 
the  ecliptic,  some  of  these  very  northern  regions  are 
indebted  for  an  uninterrupted  light  from  the  moon, 
much  more  than  half  the  month  ;  and,  sometimes, 
almost  as  long  as  it  is  capable  of  affording  any  light 
to  other  parts  of  the  earth. 

Through  this  refraction,  we  are  fevoured  with  the 
sight  of  the  sun  about  three  minutes  and  a  quarter 
before  it  rises  above  the  horizon  r  and  also  as  much 
every  evening  after  it  sets  below  it ;  which',  in  one 
year,  amounts  to  more- thin  forty  hours. 

It  is  to  this  property  of  refraction  that  we  are  also 
indebted  for  that  enjoyment  of  light  firom  the  sun, 
wheA  he  is  below  the  horizon,  which  produces  the 
morning*  arid  evening  twilight.  The  sun's  rays,  in 
falling  upon  the  higher  part  of  tlie  atmosphere,  are 
reflected  back  to  our  eyes,  and  form  a  laiiTt  light, 
whu^h  grudually  augments  till  it  becomes  day.     It  is 
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owing  to  this^  that  the  sun  illuminate  the  whole 
hemisphere  at  once :  ideprived  of  the  atmosphere,  h^ 
would  have  yielded  no  light,  but  when  our  eyes 
were  directed  towards  him  ;  and  even  when  he  was 
in  meridian  splendor,  the  heavens  would  have  ap- 
peared dark,  and  as  full  of  stars  as.  on  a  fine  winter's 
night.  The  rays  of  light  would  have  come  to  us  in 
straight  lines  ;  the  appearan^a  and  disappearance  of 
the  sun  would  have  been  instantaneous  ;  we  should 
have  had  a  su4den  transition  from  the  brighest  sun- 
shine to  the  most  profound  darkness,  and  from  thick 
darkness  to  a  blaze  of  light.  Thus,  by  refraction,  w^e 
are  prepared  gradually  for  the  light  of  the  sun,  the 
duration  of  its  light  is  prolonged,  and  the  shades  of 
darkness  softened. 

To  it  we  must  attribute  another  curious  pheno- 
menoo^  mentioned  by  Pliny ;  for  he  relates,  that 
the  moon  had  been  eclipsed  once  in  the  west,  at  the 
same  time  that  the  sun  appeared^bove  the  horizon 
in  the  eaM:.  Mcestlinus,  in  Kepler,  speaks  of  an<* 
other  instaa([;e  of  the  same  kind,  which  fell  under 
bis  own  observation. 


OF  THE   FIXED    STAES. 

No  part  of  the  universe  gives  i^uch  enlarged  ideai 
of  the  structure  and  magnificence  of  the  heavens, 
IS  the  consideration  of  the  number,  magnitude,  and 
distance  of  the  fixed  stars.  We  admire,  indeed  with 
propriety,  the  vast  bulk  of  our  own  globe;  but, 
when  we  considar  how  much  it  is  surpassed  by  most 
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of  the  heavenly  bodies^  what  a  point  it  degenerates 
•into,  and  how  little  more  even  the  vast  orbit  in 
which  it  revolves  would  appear,  when  seen  from 
some  of  the  fixed  stars,  we  b^n  to  conceive  more 
just  ideas  of  the  extent  of  the  universe,  and  of  the 
boundaries  of  creation. 

Tlie  most  conspicuous  and  brightest  of  the  fixed 
stars  of  our  horizon  is  Sirius.  Tlie  earth,  in  moving 
round  the  sun,  is  I90  millions  of  miles  nearer  to  this 
star  in  one  part  of  its  orbit,  than  in  the  opposite ;  yet 
the  magnitude  of  the  star  does  not  appear  to  be  in 
the  least  altered,  or  its  distance  aiTected  by  it ;  so 
that  the  distance  of  the  fixed  stars  is  great  beyond 
all  computation.  The  unbounded  space  appears 
filled,  at  proper  distances,  with  these  stars  ;  each  of 
which  is  probably  a  sun,  with  attendant  planets  roll- 
ing round  it.  In  this  view,  what  and  how  amazing, 
is  the  structure  of  the  universe ! 

Though  the  fixed  stars  are  the  only  marks  by 
which  astronomers  are  enabled  to  judge  of  the 
course  of  the  moveable  ones,  and  we  have  asserted 
their  relative  positions  do  not  vary ;  yet  this  asser- 
tion must  be  confined  within  some  limits ;  for  many 
of  them  are  found  to  undergo  pstrticular  changes, 
and  perhaps  the  whole  are  liable  to  some  peculiar 
motion,  which  connects  them  with  the  universal 
system  of  created  nature.  Dr.  Herschel  even  goes 
so  far  as  to  suppose,  that  there  is  not,  in  strictness 
of  speaking,  one  fixed  star  in  the  heavens  ;  but  that 
there  is  a  general  motion  of  all  the  starry  systems ; 
smd;,  consequently,  of  the  solar  ope,  punong  the  rest. 
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There  are  some  sters^  whose  situatioa  and  place 
were  heretofore  known  and  marked  with  precision, 
that  are  no  longer  to  be  seen ;  new  ones  have  also 
been  discovered^  that  were  unknown  to  the  ancients, 
while  nnmbers  seem  gradually  to  vanish*  There  are 
others  which  are  found  to  have^  periodical  increase 
and  decrease  of  ma^itude  ;  and  it  is  probable,  that 
the  instances  of  these  changes,  would  have  been  more 
numerous,  if  the  ancients  had  possessed  the  same 
accurate  means  of  examining  the  heavens  as  are  used 
at  present.  ^ 

New  stars  offer  to  the  mind  a  phenomenon  more 
surprising,  and  less  inexplicable,  than  almost  any 
other  in  the  science  of  astronomy,  I  shall  select  a 
few  instances  of  the  more  remarkable  ones,  for  the 
instruction  of  tlie  young  pupil :  a  consideration  of 
the  changes  that  take  place,  at  so  immense  a  distance 
as  the  stars  are  known  to  be  from  him,  may  elevate 
his  mind  to  consider  the  immensity  of  his  power, 
who  regulates  and  governs  all  these  wide  extended 
motions  ;  *^  who  hath  measured  the  waters  in  the  hol- 
low of  his  hand,  and  meted  out  heaven  with  a  sparl," 

It  was  a  new  star  discovered  by  HipparchuSy  the 
chief  of  the  ancient  astronomers,  that  induced  him 
to  compose  a  catalogue  of  the  fixed  stars,  that  future 
observers  might  learn  from  his  labours,  whether  any 
of  the  known  istars  disappeared,  or  new  ones  were 
produced.  The  same  motives  engaged  the  illustrious 
Tycho  BrahCy  to  form,  with  unremitting  labour  and 
assiduity,  another  new  catalogue  of  the  stars. 

Of  new  stars,  the  first  of  which  we  have  a  goo4 
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account^  is  that  which  was  discovered  in  the  con- 
stellation  Cassiopea^  in  the  month  of  November^  of 
the  year  1572  ;  a  time  when  astronomy  was  su(fi«- 
ciently  cultivated,  to  enable  the  astronomers  to  give 
the  account  with  precision.  It  femained  visible 
about  sixteen  months ;  during  this  time^  it  kept  its- 
place  in  the  heavens,  without  the  least  variation.  It 
had  all  the  radiance  of  the  fixed  stars,  and  twinkled 
like  them ;  and  was,  in  all  respects,  like  Siriua,  ex- 
cepting that  it  surpassed  it  in  brightness  and  mag- 
nitude. It  appeared  larger  than  Jupiter,  who  was 
at  that  time  in  his  perigree;  and  was  scartse  less 
bright  than  Venus. 

It  was  not  by  degrees  that  it  acquired  this  dia- 
meter, but  shone  forth  at  once  of  its  fall  size  and 
brightness,  as  if  bf  instantaneous  creation.  It  con- 
tinued about  three  weeks  in  fall  and  entire  splendor, 
during  which  time  it  might  be  seen  even  at  noon- 
day, by  those  who  had  good  eyes,  and  knew  where 
to  look  for  it.  Before  it  had  been  seen  a  month,  it 
became  visibly  smaller,  and  from  thence  Continued 
diminishing  in  magnitude  till  March*  1574,  when 
it  entirely  disappeared.  As  it  decreased  in  size,  it 
varied  in  colour ;  at  first,  its  light  Was  white,  and 
extremely  bright ;  it  then  became  yellowish,  after- 
wards of  a  ruddy  colour,  like  Mars  ;  and  finished 
with  a  pale  livid  white,  resembling  that  of  Saturn, 

In  August  1 596,  Fabricius  observed  a  new  star  iu 
tVie  neck  of  the  Whale.  In  163^,  Phocy Hides  Hol^ 
warda  observed  it  again,  and,  riot  knowing  that  it 
had  beep  seen  before,  took  it  for  a  new  discovery  : 
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he  watched  its  place  in  the  heavens^  and  saw  it  ap- 
pear again  the  succeeding  year,  nine  months  after 
its  disappearance.  It  has  heen  since  found  to  be 
every  year  very  regular  in  its  period,  except  that  in 
1673  it  was  Inissed  by  Hevelius,  and  not  seen  again 
till  1676.  Bullialdus  determined  the  periodical 
time  between  this  star's  appearing  in  its  greatest 
brightness,  and  returning  to  it  again,  to  be  about 
333  days  i  observing  further,  that  this  star  did  not 
appear  at  once  in  its  full  magnitude  and  brightness, 
but  by  degrees  arrived  at  them. 

Three  changeable,  or  re-apparent  stars  have  been 
discovered  in  the  constellation  of  the  Swan  j  the 
first  was  seen  by  Jamohius,  in  1 600 ;  the  second  was 
discovered  in  1670  ;  the  third  by  Kirchius,  in  1 666. 

In  the  latter  end  of  September,  1 6o4,  a  new  star 
was  discovei-ed,  near  the  heel  of  the  right  foot  of 
Serpentarius.  Kepler^  in  describing  it,  says,  that 
it  was  precisely  round,  without  any  kind  of  hair  or 
tail ;  that  it  was  exactly  like  one  of  the  stars,  ex- 
cept that  in  the  vividness  of  its  lustre,  and  the 
qnickness  of  its  sparkling,  it  exceeded  any  thing  he 
had  ever  seen  before.  It  was  every  moment  chang- 
ing into  some  of  the  colours  of  the  rainbow,  as  yel- 
low, orange,  purple,  and  red ;  though  it  was  generally 
white,  ^  when  it  was  at  some  distance  from  *the  va- 
pours  of  the  horizon.  Those  in  general  who  saw  it,  - 
agreed  that  it  was  larger  than  any  other  fixed  star, 
or  even  any  oi  the  planets,  except  Venus  ;  it  pre- 
served its  lustre  and  size  for  about  three  weeks ; 
from  this  time  it  grew  gradually  smaller.     Kepler 
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supposes  that  it  disappeared  some  time  betweeii 
October,  1605,  and  the  Febraary  following,  but  on 
what  day  is  uncertain. 

Besides  these  several  re-apparerit  stars,  so  well 
characterized  and  established  by  the  earliest  among 
the  modern  astronomers,  there  have  been  many  dis- 
covered  since,  by  Cassini,  Maraldt^  and  others ; 
Mr.  Montanere  speaks  of  having  observed  above  one 
hundred  changes  among  the  fixed  stars. 

The  star  Algol,  in  Medusa's  head,  has  been  ob- 
served long  since  to  app^r  of  different  magnitudes, 
at  different  times.  The  period  of  it  has  been  lately 
settled  by  J.  Goodrich^  Esq.  of  York.  It  periodi- 
cally changes  from  the  first  to  the  fourth  magnitude : 
the  time  employed  from  one  greatest  diminution  to 
the  other,  was,  anno  17^3,  at  a  mean  2  days^  20 
hours,  4g  minutes,  3  seconds. 

The  causes  of  these  appearances  cannot  be  as- 
signed at  present,  with  any  degree  of  probability  ; 
perhaps  they  Jiave  some  analogy  to  the  spots  on  the 
sun,  ^hich  at  some  times  appear  in  greater  numbers 
than  at  others,  some  of  them  bigger  than  the  whole 
earth ;  or  perhaps  they  are  owing  to  some  real*  mo- 
tions of  the  stars  themselves. 

There  are  several  stars  that  appear  single  to  the 
naked  eye,  which  are,  on  examination  with  a  tele- 
scope, found  to  consist  of  two,  three,  &c.  The 
number  of  double  stars  observed  before  the  time  of 
Dr.  HerscheL  was  but  small  j  but  this  celebrated 
astronomer  has  noted  upwards  of  four  hundred  ; 
among  these,  some  that  are  double,  others  that  are 
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treble,  double  double,  quadruple,  dolible  treble, 
and  multiple ;  liis  catalogue  gives  the  comparative 
size  of  these  stars,  their  colour,  as  they  appeared  to 
him,  with  several  other  very  curious  particulars. 


OF  NEBULiE,   AND  OF    HERSCHEL  S   IDEAS  RESPECTINGk 
THE  CONSTRUCTION  OF  THE  UNIVERSE. 

Besides,  those  appearances  of  the  fixed  stars,  al- 
ready noticed,  there  is  another  which  deserves  par- 
ticular attention ;  namely,  the  nebulco,  or  parts  of '  the 
heavens  which  appear  brighter  than  the  rest.  The 
most  remarkable  among  these  is,  that  large  irre- 
gular zone,  or  band  of  whitish  light,  which  crosses 
the  ecliptic  in  Cancer  and  Capricorn,  and  is  in- 
clined thereto  in  an  angle  of  about  6o  degrees ;  it  is 
a  circle  bisecting  the  celestial  sphere,  irregular  in 
breadth  and  brightness,  and  in  many  places  divided 
into  double  streams.  The  principal  part  runs  through 
the  Eagle,  the  Swan,  CassiopeOj  Perseus,  and  Aur^ 
riga :  it  continues  its  course  by  the  head  of  Mono^ 
ceros;  along  by  the  greater  Dog,  through  the  Ship, 
under  the  Centaufs  Feet ;  till  having  passed  the 
Jltar,t\ie  Scorpions  Tail,  and  the  Bow  of  Aquarius, 
it  ends  at  last  where  it  began. 

This  curious  appearance  is  owing  to  a  multitude 
of  small  stars,  which  are  too  minute  to  be  distin« 
guished  by  the  naked  eye  ;  yet,  blending  their  light 
together,  form  that  whiteness  which  occupies  so  large 
a  tract  of  the  heavens.     The  milky-way  may  be 
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considered  as  a  constellation  of  telescopic  stars ;  a 
sea  of  them  of  great  breadth,  and  of  a  whitish  co- 
lour, encompassing  the  whole  heavens ;  even  before 
astrpnomy  reaj^ed  any  benefit  fcom  improvemoits  in 
optics,  Democritas  considered  it  as  fornied  of  clus- 
ters of  small  stars. 

Mr.  Herschets  large  telescope  completely  resolved 
the  whitish  appearance  of  the  milky-way  into  stars. 
Having  viewed  and  gauged  this  bright  zone  in  all 
directions,  he  found  it  composed  of  shining  stars, 
whose  number  increases  and  diminishes  in  propiwr- 
tion  to  its  apparent  brightness  to  the  naked  eye. 

The  portion  of  the  milky-way  that  he  first  ob- 
served, was  that  about  the  hand  and  club  of  Orion. 
Here  he  found  an  astonishing  multitude  of  stars, 
which  l^e  attempted  to  number.  By  estimating  the 
number  contained  in  the  field  of  his  telescope  at 
once,  and  computing,  from  a  mean  of  these,  how 
many  might  be  contained  in  a  given  portion  of  the 
milky-way,  in  the  most  vacant  places,  about  that 
part,  he  found  63  stars ;  other  six  fields  contained 
110,  6o,  70,  90,  70,  and  ^4  stars:  a  mean  of 
these,  gives  79  ^^^  the  number  of  stars  in  each  field; 
so  that,  allowing  15  minutes  for  the  diameter  of  his 
field  of  view,  a  belt  of  fifteen  degrees  long,  and  two 
degrees  broad,  could  not  contain  less  than  60,000 
stai-fe,  large  enoiigh  to  be  distinctly  numbered  ;  be- 
sides which,  he  suspected  twice  as  many  more,  which 
could  be  seen  only  now  and  then  by  faint  glimpses, 
for  want  of  sufficient  light. 

In  the  most  crowded  parts  of  the  milky-way,  he 
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has  bad  a  field  of  view  of  588  starsi  and  these  eonti- 
niied  for  many  minutes  ;  so  that,  in  one  quarter  of 
an  hour's  time,  not  less  than  116,000  stars  bav^ 
passed  through  the  field  of  his  telescope^  He  ende*- 
Tours  to  shew,  that  the  powers  of  bis  telescope  are 
snchy  that  it  will  not  only  reach  the  stars  at  497 
times  the  distance  of  Sirius,  so  as  to  dietingwtsh 
them ;  fafut  that  it  also  shews,  the  united  lustre  of  the 
accumulated  stars  that  compose  a  milky  nebulosity, 
at  a  &r  greater  distance.  From  these  considerations, 
it  is  highly  probable,  that  as, his  twenty  feet  telescope 
does  not  shew  such  a  nebulosity  in  the  milky-way,  it 
goes  already  far  beyond  the  extent  thereof;  and 
therefore  a  more  powerfhl  instrument  would  remove 
all  doubt,  by  exposing  a  milky  nebulosity  beyond  the 
stratum,  which  could  then  no  longer  be  mistaken  for 
the  dark  ground  of  the  heavens. 

To  a  spectator,  placed  in  indefinite  space,  all  very 
remote  objects  appear  to  be  equally  distant  from  the 
eye.  To  judge  of  the  milky-way,  only,  from  pheno- 
mena, we  must,  of  course,  consider  it  as  a  vast  ring 
of  stars,  scattered  promiscuously  round  the  celestial 
regions ;  but  a  more  perfect  view  of  the  subject  will 
shew  us,«  that  the  appearance,  &c.  of  this  beautiful 
object,  arise  from  our  eccentric  view.  Mr.  bright 9 
in  his  "Original  Theory  of  the  Universe,  1750;** 
and  Dr.  Herschel,  since,  in  "  The  Philosophical 
Transactions,**  have  shewn,  that  this  appearance 
may  be  accounted  for,  by  assutning  its  figure-  as 
much  more  extended  towards  the  apparent  zone  of 
illumination,  than  in  any  other  direction. 
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Suppose,  says  Dr.  Herschelj  a.  number  of  stark 
arranged  between  two  parallel  planes,  infinitely  ex* 
tended  every  way,  but  at  a  given  considerable  dis- 
tance  from  each  other ;  and  calling  this  a  siderial 
stratum ;  an  eye  placed  somewhere  within  it,  will  see 
all  the  stars  in  the  directions  of  the  planes^  projected 
into  a  great  circle,  lucid  on  account  of  the  accumu* 
lation  of  stars ;  while  the  rest  of  the  heavens,  at  the 
sides,  will  only  seem  scattered  over  with  constella^ 
tions,  more  or  less  crowded,  according  to  the  dis- 
tance  of  the  planes,  or  numbers  of  the  stars  contain- 
ed in  the  thickness  or  sides  of  the  stratunK 

If  the  eye  be  placed  without  the  stratum,  but  at 
no  very  great  distance,  the  appearance  of  the  stars 
within  it  would  form  one  of  the  lesser  circles  of  the 
sphere^  which  would  be  more  or  less  contracted^  ac* 
cording  to  the  distance  of  the  eye. 

He  considers  our  sun  as  placed  in  that  stratum  of 
stars  which  forms  our  milky-way,  and  as  not  far  from 
the  place  where  some  smaller  stratum  branches  out 
from  it.  Every  star  in  the  stratum  has  its  own  ga- 
laxy, only  W\ih  such  variations,  in  form  and  lustre^ 
us  may  arise  from  their  particular  situations. 

According  to  Dr.  Herschelj  the  universe  consists 
of  nebulce,  or  immense  collections  of  innumerable 
^tars,  each  individual  of  which  is  a.  sun,  not  only 
fequal,  but  much  superior  to  ours  :  yet  none  of  the 
celestial  bodies,  in  our  system,  are  nearer  to  one 
another  than  we  are  to  SiriuSy  who  is  supposed  to  be 
400,000  times  further  than  the  sun  from  us ;  that 
isy  thirty-eight  millions  of  millions  of  miles.  The  ex- 
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tent  of  the  nebulae  is  such,  in  some  places,  that  the 
light  of  a  star,  placed  at  its  extreme  boundary,  sup- 
posing it  to  fly  with  the  velocity  of  twelve  millions 
of  miles  every  minute,  must  have  taken  near  300a 
years  to  reach  us. 

Not  content  with  these  conjectures,  our  indejkti- 
gable  astronomer  endeavours  to  trace  the  origin  of 
nebulous  stars,  and  gives  us  hints  concerning  their. 
antiquity.  Supposing  some  to  have  a  greater  air  of; 
vigour  than  others,  he  attempts  to  shew  that  they 
are  at  distant  periods  separated  and  subdivided,  and 
even  d^ay.  These  compositions  and  decomposi* 
tions  he  pretends  to  account  for,  and  points  out  some 
that  he  considers  as  having  sustained  greater  ravages 
of  time  than  others!  It  is  not  here  only,  that  eveii 
his  very  conjectures  surpass  all  human  credulity ;  for 
you  will  find  him  assigning  th^  boundaries  of  the 
vast  periods  requisite  for  forming  nebuloe,  and  ha* 
zarding  conjectures  concerning  others,  as  if  they 
were  the  laboratories  of  t/ie  universe  ! 

If  you  are  attentive  to  astronomical  writers,  you 
will  perceive  that  much  of  our  knowledge  of  astro- 
nomy is  founded  upon  conjecture,  though  dressed 
up  with  all  the  parade  of  mathematical  demonstra* 
tion.  You  will  find  much  of  their  reasoning  weak ; 
and  you  will  often  find  them  arguing  in  a  circle ; 
and  this  particularly  with  respect  to  the  densities, 
magnitudes,  distances,  and  other  affections  of  the 
planets.  Many  of  their  conclusions  are  deduced 
from  analogy;  a  species  of  reasoning  that  in  its  best 
form  amojunts  only  to  probability.     Many  of  their 


idO  OF   COMETS; 

ideas  are  supported  upon   an    assumed  attractive 
power^  which  they  modify  at  pleasure. 

Though,  in  a  popular  work,  it  is  impossifaleto  eiAer 
into  a  discussion  of  these  points,  yet  it  may  he  usefiil 
to  say  something  concerning  the  value  of  conjee* 
ture,  &c.  in  j^ysical  sciences.  The  world  has  beea 
so  long  befooled  by  hypotheses  in  all  parts  of  scienee^ 
that  it  is  now  necessary  to  treat  tliem  with  contempt. 
Conjectures  and  hy|K>theses  are  the  invention  and 
works  of  men,  and  must  therefore  bear  proportion  to 
the  skill  and  cajiacity  of  the  inventor ;  and  will  al*. 
ways  be  very  unlike  the  works  of  God,  which  it  i^ 
tile  business  of  philosophy  to  discover. 

It  is  natural  for  men  to  judge  of  things  less  knawn^ 
by  some  similitude  they  observe,  or  think  they  ob<- 
serve,  between  them  and  things  more  fomiliar,  or 
better  known :  in  many  cases  we  have  no  other  way 
of  judging.  Analogical  reasoning,  is  not,  therefore,  to 
be  always  rejected ;  but  it  ought  always  to  be  observe 
ed,  that  this  kind  of  reasoning  can  only  afibrd  proba* 
ble  evidence  ;  that  it  may  lead  into  error;  and  that  it 
varies  in  the  degrees  of  its  force,  accordii^  to  the  na- 
ture of  the  truths  from  which  we  reason ;  according  to 
their  greater  or  less  extent ;  and  according  as  tb^  ia- 
stances  compared  are  more  or  less  similar. 
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Comets  are  a  kind  of  stars,  appearing  at  unex* 
pected  times  in  the  heavens,  and  of  singular  and  va« 
rious  figures,  descending  from  &r  distant  parts  of 


OF   COMETS.  161 

of  the   system,  with  great  rapidity,  surprising  us 

f 

with  the  singular  appearance  of  a  train  or  tail ;  and, 
after  a  short  stay,  are  carried  oflf  to  distant  regions^ 
and  disappear. 

They  were  imagined,  in  ancient  times,  to  he  pro-* 
digies  hung  out  by  the  immediate  hand  of  God  in 
the  heavens,  and  intended  to  alarm  the  world. 
Their  nature,  being  now  better  understood,  they  are 
no  longer  terrible :  but  as  there  are  many  who  still 
think  them  to  be  heavenly  warnings,  portents  of 
future  events,  it  may  not  be  improper  for  the  tutor 
to  inform  the  pupil,  that  the  Architect  of  the  uni- 
verse has  framed  every  part  according  to  divine  order, 
and  subjected  all  things  to  laws  and  regulations ; 
that  he  does  not  hurl  at  random  stars  and  worlds,  and 
disorder  the  system  of  the  whole  glorious  frame,  to 
produce  false  apprehensions  of  distant  events  ;  fears 
without  foundation,  and  without  use.  Religion 
glories  in  the  test  of  reason,  of  knowledge,  and  of 
true  wisdom :  it  is  every  way  connected  with,  and 
is  always  elucidated  by  them.  From  philosophy  we 
may  learn,  that  the  more  the  works  of  the  Lord  are 
understood,  the  more  he  must  be  adored  ;  and  that 
his  superintendancy  over  every  portion  is  more  clearly 
evinced,  and  more  fully  expressed,  by  their  unvaried 
course,  than  by  ten  thousand  variations. 

The  existence  of  an  universal  connection  between 

all  the  parts   of  nature,    is  now  generally  allowed. 

Comets,  undoubtedly  form  a  part  of  this  great  chain ; 

but  of  the  part   they  occupy,  and  of  the  uses  for 

'which  they  exist,  we  are  equally  ignorant.     It  is  a 
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portion  of  science  whose  perfection  is  reserved  for 
some  distant  day^  when  these  bodies,  and  their  vast 
orbits,  may,  by  long  and  accurate  obsen^ation,  be 
added  to  the  known  parts  of  the  solar  system ;  when 
astronomy  will  appear  as  a  new  science,  afiter  all  our 
discoveries,  great  as  we  at  present  imagine  them  to  be. 

The  astronomy  of  comets  is  very  imperfect ;  for 
but  little  can  be  known  with  certainty  where  but 
little  can  be  seen.  Comets  afford  few  observations 
on  which  to  ground  conjecture,  and  are  -for  the 
greatest  part  of  their  course,  beyond  the  reach  of 
human  vision ;  but  that  they  are  not  meteors  in  the 
air  is  plain,  because  they  rise  and  set  in  the  same 
manner  as  the  moon  and  stars.  They  are  called 
comets  from  their  having  a  long  tail,  somewhat  re- 
seipbling  the  appearance  of  hair :  some,  however, 
have  appeared  without  this  appendage,  as  well  de- 
fined and  round  as  planets.  Imjr-erfect  as  our  know- 
ledge is  concerning  them,  mathematicians  have  even 
ventured  to  calculate  the  sizes  of  their  orbits,  which 
they  have  made  so  great  as  to  surpass  the  ordinary 
bounds  of  credulity. 

It  is  generally  supposed  that  they  are  planetary 
bodies,  making  part  of  our  system,  revolving  round 
the  sun  in  extreme  long  elliptic  curves ;  that  as  the 
orbit  of  a  comet  is  more  or  less  eccentric,  the  disr 
tance'  to  which  they  recede  from  the  sun  will  be 
greater  or  less.  Very  great  difference  has  been  found 
by  observation  in  this  respect :  even,  so  great,  that 
the  sides  of  the  elliptic  orbit,  in  some  cases,  dege- 
nerate almost  into   right   lines.      They  are   very 
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numerous ;  450  are  supposed  to  belong  to  our  solar 
system. 

It  is  supposed,  that  those  comets,  which  go  to  the 
greatest  distance  from  the  sun,  approach  the  nearest 
to  him  at  their  return. 

Their  motions  in  the  heavens  are  not  all  direct,  or 
according  to  the  order  of  thie  signs,  like  those  of  the 
other  planets.  The  number  of  those  which  move  in 
a  retrograde  manner,  is  nearly  equal  to  those  whose 
motion  is  direct. 

The  orbits  of  most  of  them  are  inclined  in  very 
large  angles,  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  variable  in 
every  part  of  their  orbit :  when  they  are  near  the 
suu,  they  move  with  incredible  swiftness ;  when 
very  remote  from  him,  their  motion  is  inconceiv- 
ably slow. 

When  they  appear,  they  come  in  a  direct  line  to- 
wards the  sun,  as  if  they  v/ere  going  to  fall  ijito  his 
body;  and  after  having  disappeared  for  some  time, 
in  consequence  of  his  extreme  brightness,  they  fly 
off*  on  the  6ther  side  as  fast  as  they  came,  conti- 
nually losing  their  splendour,  till  at  last  they  totally 
disappear.  Their  apparent  magnitude  is  very  dif- 
ferent ;  sometimes  seeming  not  bigger  than  the  fixed 
stars,  at  othertimes  equal  in  diameter  to  Venus.  He- 
ve/Zii^  observed  one  in  l652,  which  was  not  inferior 
to  the  moon  in  size,  though  not  so  bright:  its  light 
pale  and  dim,  its  aspect  dismal, 

A  greater  number  of  comets  are  seen  in  the  hemi- 
sphere towards  the  sun,  than  in  the  opposite ;   and 
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are  generally  invisible  at  a  smaller  distance  than  that 
of  Jupiter.  Mr.  Brydone  observed  one  at  Palermo, 
in  July,  1770*  which,  in  twenty-four  hours,  described 
an  arch  in  the  heavens,  upwards  of  fifty  degrees  in 
length ;  so  that,  if  it  was  far  distant  from  the  sun, 
it  must  have  moved  at  the  rate  of  upwards  of  sixty 
millions  of  miles  in  a  day. 

They  differ  also  in  form  from  the  other  planets, 
consisting  of  a  large  internal  body,  which  shines 
with  the  reflected  light  of  the  sun,  and  is  encom* 
passed  with  a  very  large  atmosphere,  apparently  of 
a  fine  matter,  resembling  that  of  the  aurora  borealis : 
this  is  called  the  head  of  the  comet,  and  the  internal 
part  the  nucleus.  When  a  comet  arrives  at  a  cer- 
tain distance  from  the  sun,  aii  exhalation  arise?  from 
it,  which  is  called  the  tail. 

The  tail  is  always  directed  to  that  part  of  the 
heavens  which  is  directly  or  nearly  opposite  to  the 
sun,  and  is  greater  and  brighter  after  the  comet  has 
passed  its  perihelium.  The  tail  of  the  comet  of 
168O  was  of  a  pit)digious  size,  extending  from  the 
head,  to  a  distance  scarcely  inferior  to  that  of  the  sun 
from  the  earth. 

No  satisfactory  knowledge  has  been  acquired  con- 
cerning the  cause  of  that  train  of  light  which  accom- 
panies the  comets^  Some  philosophers  imagine  that 
i  t  is  the  rarer  atmosphere  of  the  comet,  imjjelled  by 
the  sun's  rays.  Others,  that  it  is  the  atmosphere  of 
the  comet  rising  in  tlie  solar  atmosphere,  by  its  spe- 
cific levity :  while  others  imagine  that  it  is  a  pheno- 
menon of  the  same  kind  with  the  aurora  borealis,  and 
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that  this  earth  would  appear  like  a  comet  to  a  spec- 
tator placed  in  another  planet. 

The  number  of  the  comets  is  certainly  very  great, 
considerably  beyond  any  estimation  that  might  be 
made  from  the  observations  we  now  possess. 

Though  astronomers  have  bestowed  much  labour 
in  calculating  the  periods  of  comets,  and  much  at- 
tention to  account  for  their  phenomena,  yet  expe- 
rience bears  no  testimony  in  favour  of  their  opinions, 
nor  have  modern  calculators  had  better  success.  In- 
deed the  immense  distances  to  which  they  are  sup- 
posed to  run  out,  are  entirely  hypothetical. 

There  are,  who  do  not  think  the  present  astro- 
nomy of  comets  well  established  ;  and  as  so  many 
small  ones  are  frequently  seen,  they  think  that  no- 
thing  can  be  determined  with  certainty,  till  some 
better  marks  are  discovered  for  distinguishing  one 
from    another,   than   any   at  present   known;  and 
that  even  the  accomplishment  of  Dr.  Halley's  pre- 
diction is  uncertain  :  for  it  is  very  singular,  that  ou,t 
of  four  years,  in  which  three  comets  appeared,  the 
only  one  in  which  no  comet  was  to  be  seen,  should 
be  that  very  year  in  which  the  greatest  astronopiers 
that  ever  existed  had  foretold  the  appearance  of  one ; 
and    in    accounting  for    its    non-appearance,    Mr. 
Clairault  would  have  been  equally   supported  by 
cometic  evidence,  whether  he  had   concluded  the 
comet  to  have  been  retarded  or  accelerated  by  the 
action  0/  Jupiter  and  Saturn.     A  comet  appeared  in 
1757>  as  well  as  in  1755  ;  and  had  he  determined 
the  retardation  of  the  comet  to  be  twice  as  great  as 
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he  did,  another  appeared  in  1 760  to  have  verified  his 
calculations^. 

*  A  comet,  the  most  remarkable  that  has  appeared  in  our  he- 
misphere these  40  years,  was  first  observed  in  London  the  end  of 
Septemb^r,  1807.  The  following  are  the  most  important  parti- 
culars that  we  could  infer  from  its  apparent  figure  and  motion : 
On  the  2dth  of  September,  its  declination  was  about  5®  S.  and 
right  ascension  218^  It  was  conspicuous  about  7  o'clock  in  the 
CTening,  with  the  brightness  of  a  star  of  the  second  magnitude, 
with  a  short  bright  bushy  tat),  and  a  nucleous  distinct  and  bright 
It  had  passed  the  perihelion  of  its  orbit,  before  it  was  any  where 
observed  in  this  country.  It  continued  moving  northerly  at  a  daily 
rate  of  more  than  a  degree,  till  about  the  end  of  the  year.  Its 
tail  first  diminishing  in  brightness  and  size,  and  la&tly,  the  nudeous 
and  comet  itself.  Its  greatest  length  of  tail  did  not  exceed  1|  de- 
gree; and  its  greatest  brightness  was  during  the  month  of  October, 
while  reccdini^  from  the  sun  and  the  earth,  or  approaching  to- 
wards its  aphelion.  On  account  of  the  oblique  position  of  the  axis 
of  the  comet's  orbit,  it  could  not  be  seen  on  its  approach  to  its 
perihelion,  or  in  its  motion  towards  the  sun.  Its  first  appearance 
was  near  the  constellation  Mons-Menaulus,  and  it  disappeared 
near  Cygnus,  pr  the  Swan.  Its  figure  is  tolerably  well  represented 
in  plate  4^Jig»  6.  Dr.  Ilerschel  estimated  the  expanse  over  sp^ce 
of  the  tail,  to  be  about  nine  million  of  miles« 

It  was  most  clearly  magnified  and  defined  by  the  power  of  the 
common  large  aperture  two-feet  night  telescope,  with  three  glasses, 
of  a  power  about  eight  times.  Such  phenomenon  as  this,  with 
feeble  light  or  lustre,  require  small  powers  and  large  apertures  in 
a  refracting  telescope,  which  is  the  most  suiUble  instrument  For 
more  ample  accounts,  as  published  by  Dr.  Ilerschel,  and  other 
skilful  astronomers,  see  ^'  The  Philosophical  Transactions,  for 
I3P8;"  find  "  The  Philosophical  Magazine,"  Vols.  29  and  30* 
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Though  by  the  telescope  we  have  been  led  on- 
ward  in  our  advances  towards'  a  more  powerful  know 
ledge  of  the  heavenly  bodies,  and  astronomy  being 
raised  from  little  more  than  a  catalogue  of  stars  into 
a  science ;  yet  by  this  instrument  men  have  been 
led  into  errors,  and  astronomers  have  indulged  in  spe- 
culations that  equally  deviate  from  sound  reason,  and 
the  plain  dictates  of  common  sense. 

The  generality  of  mankind,  in  all  ages,  have  con- 
sidered the  sun  as  a  mass  of  pure  elementary  fire, 
subsisting  from  the  creation,  and  supported  by  some 
unkaown  cause,  without  any  occasion  for  the  gross 
fuel  necessary  for  supporting  our  terrestrial  fires. 
The  conjectures  of  astronomers  have  neither  been  so 
simple  nor  so  rational ;  limited  in  their  conceptions, 
they  have  not  been  able  to  perceiye  how  fire  of  any 
kind  could  subsist  without  fiiel,  arid  have  therefore 
supj)osed  the  sun  and  the  earth  to  be  of  a  similar 
substance ;  and,  consequently,  that  the  earth  itself 
would  be  a  sun  if  set  on  fire.  Sir  Isaac  Neivton  has 
even  proposed  it  as  a  query,  virljvether  the  sun  and 
fixed  stars  are  not  great  earths  made  veh^nently  hot, 
whose  parts  are  kept  from  fuming  away  by  the  vast 
weight  and  density  of  their  superincumbent  atmo- 
sphere, and  whose  heat  is  preserved  by  the  prodigious 
action  and  re-action  of  their  parts?  Others  have 
imagined  the  sun  to  be  a  body  of  quite  a  diflferent 
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nature,  and  have  even  denied  him  to  be  possessed  of 
any  inherent  heat,  though  tfiey  allow  him  the  power 
of  prbducing  it  in  other  bodies.  Some  have  sup- 
posed, that  the  main  body  of  the  sun  has  neither 
light  nor  heat,  but  that  it  consists  of  a  vast  dark 
glpbey  surrounded  on  all  sides  with  a  thin  covering 
of  aerial  or  foggy  matter,  immensely  splendid,  which 
gives  him  the  power  he  possesses,  &c. 

The  only  foundation  for  these  wild  conjectures,  is 
the  appearance  of  the  sun  through  telescopes.  By 
•viewing  it  through  these  instruments,  his  face  is 
found  to  be  equally  bright  in  all  its  parts,  A  slightly 
spotted  appearance,  chiefly  on  or  near  the  edges,  is 
commonly  taken  notice  of;  and,  very  frequently, 
dark  spots,  of  various  shapes  and  sizes,  are  perceived, 
traversing  the  disc  from  one  edge  to  the  other, 
These  spots  appear  at  uncertain  intervals,  and  often 
change'their  form,  while  they  are  passing  oyer  the 
solar  disc,  or  are  broken  in  pieces,  enlarge  and  dit 
j[ninish,  by  causes  of  which  we  are  ignorant. 

Those  who  adhere  to  the  conjectures,  of  Sir  Jsam 
Newion,  suppose  the  spot$  to  be  th^  smoke  of  new 

and  immense  volcanoes,  breaking  out  in  the  body  of 

the  sUn  himself;  while  those  who  are  pleased  with  the 

suppositions  oi  professor  ff^ikon,  imagine  them  to  be 

the  dcirk  globe,  rendered  visible  by  the  displacem^t 

of  the  shining  and  surrounding  matter. 

Though  it  would  be  deviating  from  our  plan  to 

spend  our  time  in  speculations  on  subjects  removed 

so  far  beyond  the  reach  of  human  investigation  :  yet 

we  Qian  sparce  refrs^in  from  observing,  that  there  is 
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no  foundation  for  supposing  that  the  sun  has  any 
solid  body,  Meteorsy  resembling  that  glorious  lu- 
minary in  splendor,  have  been  known  to  arise  in  the 
higher  parts  of  our  atmosphere,  though  their  conti- 
nuance there  has  been  but'  for  a  short  time.  No 
one  supposes  that  they  have  any  solid  body.  It  is 
not,  therefore,  unreasonable,  to  suppose  the  sun  .to 
be  a  vast  collection  of  elementary  fire  and  light, 
which,  being  sent  out  from  him,  by  means  unknown 
to  us,  and  having  accomplished  ^  the  purposes  for 
which  they  are  designed,  perpetually  return  to  him, 
are  sent  out  again,  and  so  on.  1  hus,  the  sun  con- 
tinues to  burn,  unsupported  by  any  ternestriai  fii/el, 
and  withbut  the  least  tendency  to  diminution  or 
possibility  of  decay. 

Of  the  Moon.  From  the  appearance  of  this  hirni- 
nary,  through  a  telescope,  it  seems  probable,  that 
there  are  great  inequalities  on  her  surface.  Viewing 
her  at  any  time,  except  when  fiill,  we  see  one  of  the 
sides  notched  and  toothed,  like  a  saw.  Many  sms^ll 
points,  appear  like  stars  at  a  small  distance  from  the 
main  luminous  body,  which  join  it  in  a  little  time. 
These  are*  considered  as  the  tops  of  high  mountains, 
which  catch  the  light  of  the  sun  sooner  than  the 
other  parts  which  are  lower.  That  these  very 
shining  parts  are  higher  than  the  rest  of  the  surface^ 
is  evident  from  the  appeatance  -of  their  shadows, 
which  lengthen  and  shorten  according  to  their  si- 
tuation with  respect  to  the  sun.  Some  astronomers 
have,  undoubtedly,  made  the  mountains  of  the  mooi^ 
extravagaiitly  high ;  they  have  been  much  reducec| 
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by  modem  calculators :  Dr.  Herschel  has  thought 
he  discovered  volcanoes  on  her  disc.  And  it  is  sup- 
posed she  has  an  atmosphere,  because  the  limb  of 
the  sun  has  been  observed  to  tremble  just  before  the 
beginning  of  a  solar  eclipse,  and  because  the  planets 
become  oval  at  the  beginning  of  an  occultatian 
behind  the  moon. 

Mercury  being  always  near  the  sun,  nothing  more 
is  distinguished  by  the  telescope,  .than  a  variation  of 
his  figure,  which  is  sometimes  that  of  a  half-nioon, 
sometimes  a  little  more,  or  less  than  half. 

Venus,  when  in  the  form  of  a  crescent,  and  at  her 
brightest  times,  affords  a  very  pleasing  telescopic 
view ;  her  surface  being  diversified  with  spots,  like 
the  moon.  The  diiirnal  motion  of  this  planet,  bolh 
as  to  its  period  and  direction,  has  not  hitherto  been 
decidedly  ascertained.  Dr.  Herschel  concludes  from 
his  observations,  that  its  atmosphere  is  very  con- 
siderable. He  has  not»  been  able  to  find  the  least 
trace  of  mountains,  and  ridicules  those  observers 
who  have  seen  such  as  exceed  four,  five,  or  even  ^x 
times  the  height  of  Chimboraco,  the  highest  of  our 
mountains. 

'  Mars  always  appears  round,  except  at  the  qiiadrar 
iures,  when  its  disc  is  like  that  of  the  moon  about 
three  days  after  the  full.  Its  atmojsphere  is,  from  the 
ruddiness  of  the  planet,  supposed  to  be  veiy  dense ; 
spots  are  discovered  on  his  surface,  but  they  do  not 
appear  fixed.  Dr.  Herschel  has  observed  two  white 
luminous  circles,  surrounding  the  poles  of  this  pla- 
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net,  which  he  supposes  to  arise  from  the  snow  lying 
about  those  parts. 

The  surface  of  Jupiter  \s  distinguished  by  certain 
bands  or  belts,  of  a  duskier  color  than  the  rest  of  his 
surface,  running  parallel  to  each  other,  and  to  the 
plane  of  his  orbit.  They  are  neither  regular,  nor 
constant  in  their  appearance ;  sometimes  more, 
sometimes  fewer,  being  perceived:  their  breadth 
varies,  and  sometimes  one  or  more  spots  are  formed 
between  the  belts, 

Saturn^  distance  does  not  permit  us,  with  common 
instruments,  to  distinguish  many  varieties  on  his  sur- 
face, but  his  ring  is  a  fruitful  source  for  astronomi- 
cal speculation.  Dr.  Herschel,  by  means  of  his 
powerful  instruments,  has  discovered  a  multiplicity 
of  regular  belts,  which  did  not  change  much  during 
the  course  of  his  observations.  From  these  he  has 
found,  th  at  Saturn  has  a  pretty  quick  rotation  upon 
its  axis,  which  he  has  fixed  vX  lOh.  l6m.  Osec. 
He  has  also  shewn,  that  the  ring  of  Saturn  is  divisi- 
ble into  two  concentric  rings  of  unequal  dimensions 
and  breadth,  situated  in  one  plane,  which  is  probably 
net  much  inclined  to  the  equator  of  the  planet. 
These  rings  are  at  a  considerable  distance  from  each 
other,  the  smaller  being  much  less  in  diameter  at  the 
outside  than  the  largest  is  at  the  inside :  the  two  rings 
are  entirely  detached  from  each  other,  so  as  plainly 
to  perinit  the  open  heavens  to  be  seen  through  the 
vacancy  between  them. 

Though  much  has  been  unfolded  to  you  in  the 
course  of  this  essay,  upon  a  little  consideration^  you 
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will  find  the  things,  of  which  you  remain  ignorant, 
infinitely  exceed  those  which  you  know.  It  is  with 
us,  as  with  a  child,  that  thinks  if  he  could  but  just 
come  to  such  a  field,  or  climb  to  the  top  of  such  a 
hill,  he  should  be  able  to  touch  the  sky ;  but  no 
sooner  is  he  come  thither^  than  he  finds  it  as  far  off 
as  it  was  before. 

It  may  perhaps  be  useful  to  point  out  to  you  the 
littleness  of  human  knowledge,  even  in  those  subjects 
of  which  we  have  be^n  treating ;  and  this  I  shall  do 
principally  in  the  words  of  a  late  writer. 

How  far  does  the  universe  extend,  and  where  ate 
the  limits  thereof?  Where  did  the  Creatok  *^  stay 
his  rapid  wheels  ?"  where  "  fix  the  gqlden  com- 
passes?" Certainly  himself,  alone,  is  without  bounds^ 
but  all  HIS  works  are  finite.  He  must,  therefore,  have 
said,  at  some  point  of  space. 


^'  Be  these  thy  bounds ;, 


'^  This  be  thy  just  circumference,  O  world  I" 

•■  « 

Here  the  Mathematician  must  be  silent,  and  wave 
all  calculations,  as  there  can  be  no  ratio  between 
bounded  and  boundless  space,  even  though  the 
magnitude  of  the  former  were  taken  at  the  utmost 
limit  man  can  conceive,  or  numbers  express.  But 
where  are  the  boundaries  ?  Who  can  tell  ?  AH  be- 
yond the  fixed  stars  are  utterly  hid  firom  the  children 
of  men,  .  ' 

But  what  do  we  know  of  the  fixed  stars  ?    A  great 
(deal,  one  would  imi^ine  ;  sidoe,  like  the  most  high. 
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we^  too^  tell  their  numbers ;  yea^  ^nd  call  them  hy 
their  names  1  But  what  are  those  that  are  named^  in 
comparison  with  those  which  our  glasses  discover  ? 
What  are  two  or  three  thousand^  to  those  we  dis-^ 
cover  in  the  milky-way  alone  ?  How  many^  then>  are 
there  in  the  whole  expanse  ?  But  to  what  end  da 
they  serve  ?  To  illuminate  worlds,  and  impart  light 
and  heat  to  their  several  choirs  of  planets  ?  or  to  gild 
the  extremities  of  the  solar  sphere,  and  minister  to 
the  perpetual  circulation  of  light  and  spirit  ? 

What  are  comets  ?  Planets  not  full  formed,  or 
planets  destroyed  by  conflagration  :  or  bodies  of  an 
wholly  different  nature,  of  which  we  can  form  no 
idea.  How  easy  it  is,  to  form  a  thousand  conjectures ! 
how  hard  to  determine  any  thing  concerning  them ! 
Can  their  huge  revolutions  be  even  tolerably  ac- 
counted for,  on  the  principles  of  gravitation  and 
projection  ?  What  brings  them  back,  when  they  have 
travelled  so  immensely  far  ?  or  what  whirls  them  on, 
when,  reasoning  justly  on  the  same  powers,  they 
should  drop  into  the  solar  fire  ? 

What  is  the  sun  itself  ?  It  is,  imdoubtedly,  the 
most  glorious  of  all  the  inanimate  creaturfes :  and 
its  use  we  know.  God  made  it  to  rule  the  day^. 
It  is, 

^^  Of  this  great  world,  both, eyes  and  soul.'' 

But  who  knows  of  what  substance  it  is  composed,  or 
even  whether  it  be  solid  or  fluid  ?  What  are  the  spots 
ou  its  surface  ?  what  its  real  magnitude  ?  Here  is  an 
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unbounded  field  for  conjecture ;  but  wl^at  foundatlcm 
for  real  knowledge  r 

What  do  we  know  of  the  feebly-shining  bodies, 
the  planets;  that  move  regularly  round  the  sun? 
Their  revolutions  we  are  acquainted  with ;  but  who 
can  regularly  demonstrate  to  us  either  their  magni- 
tude^ or  their  distance,  unless  he  assumes  it  in  the 
usual  way,  inferring  their  magnitude  from  their  dis- 
tance, and  the  distance  from  the  magnitude.  What 
are  Jupiter's  ^elts  ?  What  is  Saturn's  ring  ?  The 
honest  ploughman  knows  as  well,  as  the  most  learned 
astronomer. 

^'  Sir  Isaac  Newton  certainly  discovered  more  of 
the  dependencies,  connexions,  and  relations  of  the 
great  system  of  the  universe,  than  had,  previous  to 
his  time,  been  conceded  to  human  penetration :  yet, 
was  h6  forced  to  bottom  all  his  reasoning  on  the  hy- 
pothesis of  gravitation  ;  of  which  he  could  give  no 
other  account,  than  that  it  was  necessary  to  the  con- 
clusions he  rested  upon  it." 


OF  THE   PRECESSION    OF  THE   EGIUINOXES. 

The  equinoctial  points,  as  have  been  before  ex- 
plained^ are  those  two  opposite  points,  where  the 
ecliptic  and  equinoctial  cross  each  other,  at  the  first 
point  of  Aries  and  Libra,  and  are  called  the  vernal 
and  autumnal  equinoxes.  By  long,  and  a  continual 
series  of  observations,  it  has  been  observed,  that  the 
above  two  points  have  a  westerly  recession,  or  mo- 
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tion  backwards,  contrary  to  the  order  of  the  signs 
of  about  5  Of  seconds,  yearly,  This  retrograde  mo- 
tion of  the  equinoctial  points,  or  the  nodes  of  the 
earth's  orbit,  as  it  has  been  termed,  is  called  the 
Precession  of  the  Equinoxes. 

The  solstitial  points,  are  these  two  opposite  points 
where'  the  ecliptic  touches  the  tropics,  and  90°  from 
the  equinoctial '  points,  are  consequently  subject  to 
the  same  recession. 

To  have  a  clear  idea  of  this  subject,  the  student 
must  be  informed,  that  astronomers  begin  the  year  in 
the  spring,  when  the  sun  is  in  that  node  of  the  equai- 
tor,  or  equinoctial  point,  called  Aries^  or  at  the  vernal 
equinox;  and  that  the  time  the  sun  takes  in  his^ 
motion  from  any  one  equinoctial  point,  or  tropic, 
round  to  the  same  again,  is  called  the  Tropical,  or 
Natural  Year ;  and  called  by  some  the  Mean  Solar 
year^  Its  length,  by  observation,  is  found  to  be 
365'  5'  48'  49'\ 

The  time  the  sun  also,  by  observation,  is  found 
to  take,  in  moving  from  any  particular  star  to  the 
the  same  star  again,  is  called  the  Siderial  Year; 
and  is  fixed  at  365'  6'  9'  12".  The  siderial  year, 
therefore,  exceeds  the  tropical  year  by  20  minutes, 
23  seconds  in  time,  and  consequently  the  Julian,  or 
Civil  Year,  which  we  adopt  at  365  days  6  hours,  is 
nearly  a  mean  between  the  siderial  and  tropical. 

The  whole  ecliptic  of  360°  being  passed  through 
by  the  sun  in  a  tropical  year,  his  daily  rhean  motion 

is  about  59'  8"  ;  and  for  the  above  difference  20'  23'' 

in  time,  his  motion  will  be  very  near  50  f ;  and  just 
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SO  much  of  a  degree  sooner  will  he  arrive  at  the 
same  equinox,  or  solstice,  than  at  any  star,  or  fixed 
point  on  the  heaveits,  in  one  annual  revolution ;  so 
in  respect  to  the  fixed  stars,  will  cause  the  equinoctial 
points,  as  well  as  itself,  to  recede  about .  3^0  degrees 
in  2160  years,  and  in  the  whole  circle  of  the  eqiii- 
noctialj  in  about  25  920  years.  This  period  has  been 
called  the  Grand  Platonic  Year. 

The  receding  of  the  equinoctial  points  has  thus 
occasioned  an  apparent  advance  of  the  fixed  stars  in 
longitude  of  about  50"  per  year,  and  from  whence 
it  follows  that,  since  the  time  of  Ptolemy,  in  the 
infant  state  of  astronomy,  the  zodical  figures,  or 
constellations,  have  moved  forward  about  one  whole 
sign,  and  as  shewn  upon  our  New  British  Celestial 
Globes,  the  constellation  of  Aries,  situate  in  that 
part  of  the  ecliptic,  named  Taurus.  Taurus,  in  the 
situation  of  Gemini,  &c.  Hence,  the  stars  that 
rise  and  set  at  particular  seasons  of  the  year,  in  the 
times  of  Hesiod,  Eudoxus,  f^rgily  Pliny ,  &c.  at 
the  present  period,  will  have  a  tnanifest  difference  in 
respect  to  time.  It  is  to  the  attractive  influence 
of  the  sun  and  moon,  on  the  redundant  matter  in 
the  equatorial  regions  of  the  earth,  that  Sir  Isaac 
Newton,  and  other  astronomers,  have  asserted  to  oc- 
casion this  peculiar  slow  motion.  From  the  earth's 
motion  on  its  axis,  much  more  matter  is  accumulated 
about  the  equator,  than  at  any  other  parts  of  the 
globe,  and  the  power  of  the  sun  and  moon's  attraction, 
is  judged  to  bring  the  equator  quicker  under  them, 
than  if  there  were  no  such  accumulation  of  matter. 
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The  phenomena  of  the  precession,  may  be  more 
femiliarly  understood,  by  the  student  placing  before 
him  a  celestial  globe :  he  must  bring  the  pole  of  the 
ecliptic  to  the  brazen  meridian,  and  consider  both 
the  ecliptic,  and  its  axis,  to  be  immoveable,  and  the 
earth's  axis,  or  poles  of  the  equinbctial,  to  be  in  mo- 
tion round  the  earth's  centre,  which  he  may  con- 
ceive will  form  a  double  cone  round  the  axis  of  the 
ecliptic,  in  the  time  the  equinoctial  points  circum- 
scribe the  ecliptic,  which  is  about  25,920  years;  and, 
in  that  time,  the  earth's  axis  will  describe  a  circle  in 
the  heavens,  round  the  pole  of  the  ecliptic,  which  is 
stationary  on  that  circle,  the  earth's  axis  being  in- 
clined 23  J  .degrees  to  that  of  the  ecliptic :  the  circle 
described  by  the  north  pole,  will  be  47  degrees  in 
diameter,  twice  that  of  the  inclination  of  the  earth's 
axis.  Consequently,  that  point  in  the  heavens,  which 
is  now  tl>e  north ,  pole,  and  very  near  to  the  polar 
star,  a«  it  is  callied,  which  is  in  the  tail  of  Ursa 
Minor,,  tt^ill  be  receded  from  by  the  earth's  axis,  at 
tlie  rate  of  dbont  I  degree  in  72  years.  And,  in 
V2,96o  year«,  will  be  directed  to  some  other  star  ih 
the  he&.vens^  diametrically  opposite  in  the  circle,  on 
the  other  side  of  th^  pole  of  the  efcliptic  ;  and  the 
north  pole;  of  the  heavens  will  then  be  in  a  situation 
8~  degrees  south  of  the  zenith  of  London,  which  is 
2^t  5  H  North.  The  places,  also,  of  the  equator  and 
two  tropics,  iwill  be  very  materially  changed,  And 
the  sun  in  the  same  part  of  the  heavens,  where  he 
now  qovers'the  earthly  tropics,  and  makes  the  shortest 
days^  ajxd  longest  nights,  in  the  northern  hemisphere; 
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will  then  be  oyer  the  earthly  tropic  of  Cancer,  and 
'  make  the  days  longest,  and  the  nights  shortest.  In 
25,920  years,  the  north  pole  will  have  inoved  quite 
round,  and  returned  to  its  present  position,  and 
then  the  apparent  motion$,<  and  situation  of  the  stars, 
will  begin  to  have  the  sam^  changes  over  again. 

The  motion  of  the  apsis  of  the  earth's  orbit  occa- 
sions the  diflference  between  the  periodicsd  and  si- 
derial  years :  the  periodical  year  rs  the  time  of  the 

V  it 

earth's  revolution  in  its  orbit,  and  is  365**  6"*  15  20 , 
differing  from  the  natural  year,  or  period  of  the  sea- 
sons, 2&  2V\   . 

A  distinction  is  made  by  astronomers  between  the 
precession  of  the  eq^uinoctial  and  solstitial  points  in 
the  heaven,?,  which  only  affect  the  apparent  motions, 
places,  and  declination  of  the  stars  ;  and  the  anti^ 
cipation  of  the  equinoxes  of  the  earth,  which  regard 
the  seasons,  the  latter  is  owing  to  a  diflference  be- 
tween the  civil  and  solar  year,  which  is  1 1  minutes 
3  seconds.  This  excess  of  the  civil  or  Julian  years, 
above  the  solar,  amounts  to  11  days  in ^  1,433  years; 
and,  consequently,  so  much  have  our  seasons  gone 
back,  with  respect  to  the  days  df  the  month,  since 
the  period  of  the  Council  of  NicCj^  in  A,D.  325; 
and,  therefore,  in  order  to  restore  all  the  fests  and 
festivals  to  the  days  then  settled,  it  was  requisite  to 
suppress  1 1  nominal  days,  and  tjiat  the  same  sea- 
sons,, in  future,  might  be  returned  to  the  same  times 
-of  the  year,/ to  leave  out  the  bis^xtile  day  in 
February,  at  the  end  of  every  century  of  years  not 
divisible  by  4,  reckoning  them  only  common  yeef^ 
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as  the  17th,  18th,  and  19th  centuries,  or  the  years 
1700,  1800,  1900,  and  because  a  day  intercolated 
every  4th  year,  was  too  much ;  and,  retaining  the 
bissextile  day  at  the  end  of  these  centuries  of  years, 
which  tire  divisible  by  4,  as  the  l6th,  20th,  and  24th 
centuries,  viz.  1600,  2000,  2400,  &c,  otherwise,  in 
length  of  time,  the  seasons  would  be  quite  reversed, 
with  regard  to  the  months  of  the  year,  in  the  course 
of  about  23,783  years. 


OF  THE  NUTATION  OF  THE  EARTHS  AXIS. 

It  is  to  the  late  Dr.  Bradley  that  we  owe  the  first 
observations  of  the  libratory  variation  of  the  incli-r 
nation  of  the  equator  to  the  ecliptic,  and  which  i^ 
termed  the  nutation  of  the  earth's  ojcis.  Sir  Isaac 
^exiotorC^  theory  of  attraction  had,  for  some  time 
before,  given  grounds  for  the  existence  of  such  ^ 
property.  Jty  whole. effect  is  said  scarcely  to  exceed 
I9  seconds. 


OF   4STItONOMICAL   ABERRATION. 

Aberration,  in  astronomy,  is  the  apparent  .change 
«f  place  in  the  fixed  stars,  arising  from  the  motion 
of  the  earth,  combined  with  the  motion  of  light. 
It  is  a  discovery  by  the  late  Dr.  Bradley^  who,  with 
*H  astrpi^omical  instrument,  called  a  Zenith  Sector, 

» 

J»ade  a  number  of  observations  for  threp  years  upon 
the  same  starii,  and  found  that  their  apparent  plac^ 
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differed  from  their  tnie  places  abont  20  seconds : 
and  hence  proving,  that  the  velocity  of  light  is  about 
10,000  times  greater  than  the  earth's  velocity  in  its 
orbit;  The  velocity  of  the  earth  is  computed  at 
58,000  an  hour;  and,  therefore,  light  is  propagated 
from  the  sun  to  the  eai^h  in  8  minutes  and  about  IG 
seconds  of  time,  a  distance  of  95  millions  of  miles, 
or  the  distance  of  the  earth  at  a  mean  from  the  sun. 
The  velocity  of  light  is  thus  proved  to  be  nnifonn, 
whether  originally  from  the  stars,  or  reflected  from 
the  satellites  of  Jupiter,  as  precisely  deduced  by 
observations  previously  made  on  these  satellites  by 
Iloemer. 


OF    THE   TIOKS. 

■ 

•     I 

The  rising  and  falling,  alternately,  twice  in  a  day, 
of  the  waters  upon  the  earth,  is  one  of  the  most 
remarkable  of  natural  phenomena.  To*  the  vast 
penetration  of  Sir  Isaac  A  ewion,  we  afe  here,  also, 
beholden  for  the  demonstrations  of  the  moon  s  ac- 
tion upon  this  globe,  and  the  manner  this  admirable 
effect  is  produced.  Tlie  tides  are  coijisidered  as 
affording  a  very  obvious  instance  of  the  tnutual  gra- 
vitatioiis^bf  the  celestial  bodies  to  each  other. 
'  The  attractions  of  the  sun  and  moon  upon  the 
fluid  j>arts  of  the  earth  are  now  considei^d  as  the 
on!y'agl»rits  of  the  tides,  and  from  repeated  observa- 
tions^ the  tithes  of  ebbiiTj::  and  flowin<>  are^  found  to 
be  comparable  to  the  periodical  revolutions  of  the 
moon^  particularly ,  and  proportiofiate  to  them. 
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From  the  greater  distance  that  the  sun  is  from  the 
earth,  his  attractive  power  in  raising  the  water,  must 
be  very  considerably  less  than  the  power  of  the 
moon      In  general,  the  sun  counteracts  the  effects  of 

the  moon,   more  than  it  assists  in  augnieuting  the 

« 

flux  and  reflux  of  the  sea. 

In  the<:ourse  of  24  hours,  48  minutes,  the  sea 
is  observed  to  ebb  and  flow  twice  :  the  time  of 
rising  being  about  6  hours,  and  the  time  of  falling 
the  same. 

From  the  motion  of  the  moon  in  her  orbit,  tlie 
lunar  day  exceeds  the  solar  day  ;  the  former  being 
about  24  hours,  48  minutes,  and  the  latter  24  hours : 
hence,  the  effect  of  the  sun  and  moon  on  the  tides, 
are  not  the  same  every  day.  The  influence  of  tlie 
sun  and  moon  on  tlie  equatoreal  parts  of  the  earth,  is 
greater  than  towards  the  poles,  from  the  attractive 
powers  acting  less  obliquely  at  the  equator,  than 
the  poles  ;  and  also  the  accumulated  matter  about 
the  equator.-  The  time  of  high  water  is  about  48 
minutes  later  every  day,  on  account  of  the  moon 
being  about  that  time  in  her  arrival  later  daily  at  the 
meridian  of  that  place ;  it  being  high  water  at  the 
time  that  the  moon  is  nearly  in  the  meridian  of  the 
place,  and  ^he  sea  having  flowed  to  its  highest  state  ; 
and  it  is  low  water  at  the  interval  of  time,  6  hours 
before  or  after  this  period,  when  the  moon  is  in,  or 
near  to,  either  the  east  or  west  points  of  the  horizon. 
Or,  when  at  high  water  at  any.  place,  on  the  meri- 
dian of  90  degrees,  east  or  west  of  that  place  on  the 
^rth,  is  low  water.     But  a  remarkable  circumstance 
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is,  that  when  it  is  high  water  at  any  place,  it  is  also 
high  water  at  the  place  where  its  meridian  is  diame^ 
trically  opposite,  the  cause  of  which  is  derived  from 
another  principle,  different  from  the  moon  s  attrac-r 
tions  in  the  other  case,  and  which  shall  be  explained 
hereafter. 

The  power  of  the  sun  is  sufficient  to  raise  the 
waters,  somewhat  when  on  our  meridian,  and  an  effect 
oppositely,  also,  then  takes  place.  When  it  acts 
in  conjunction"  with  the  moon,  it  produces  a  more 
powerful  effect  on  the  waters,  and  it  is  then  called 
Spring  Itdes  :  when  it  acts  in  a  direct  perpendicular 
to  the  moon,  it  tends  to  diminish  her  power,  and 
produce  a  diminished  tide,  called  Neap  Tides  t 
hence,  at  the  time  of  new  and  full-moon,  there  must 
be  high  tides,  and  low  tides  at  the  two  quaiters,  first 
and  third  of  the  moon.  When  the  sun  and  moon 
are  in  the  Syzgies,  or  in  opposition  and  conjunction 
at  the  time  of  the  equinoxes,  there  is  the  highest 
tides  of  any,  on  account  of  the  sun  being  then  in 
the  equator,  and  the  moon  in  the  same  situation,  or 
very  near  to  it. 

The  action  of  the  sun  is  judged  to  raise  the  waters 
of  oi|r  seas  about  two  feet,  and  the  moon  about  nine 
feet ;  therefore,  in  joint  action,  the  elevation  will  be 
about  eleven  feet  at  the  spring  tides,  and  when  act- 
ing at  right  angles,  be  as  the  other  at  neap  tides, 
about  7  feet,  the  difference  between  the  two. 

U  he  earth  and  the  moon,  according  to  the  laws  of 
gravitation  and  motion,  move  round  their  centre 
of  gravity,  which  centre  is  as  much  nearer  to  the 
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'earth  than  the  moop,  as  the  earth  is  in  bulk  matter 
greater  than  the  moon.  The  earth  is  judged  to  con- 
tain 40  times  as  much  matter  as  the  moon  ;  there- 
fore, the  centre  of  gravity  is  40  times^  nearey  the 
earth  than  the  moon* 

Any  body,  moving,  with  a  velocity  round  one  cen- 
tre, acquires  a  forcible  tendency  to  go  off  from  that 
centre,  which  is  called  the  centrifugal  force  ^  and  the 
attraction  or  power  that  keeps  it  towards  the  centre, 
is  called  the  centripetal  force.  As  an  exemplifica- 
tion, let  a  person  whirl  round  a  ball  a)t  the  end  of 
a  string  a  yard  or  two  long,  with  his  hand,  he  will 
be  sensible,  if  he  let  the  cord  go,  that  the  ball,  or 
a  planetary  Jbody,  would  fly  off  from  the  actions  of 
the  centrifugal  force;  but  if  he  held  it  firm,  the  power 
of  his  hand  resembling  the  attractive  or  centripetal 
force,  would  keep  the  body  circulating  in  its  orbit. 
It  is  to  this  cause,  that  philosophers  now  attribute 
the  rise  of  the  tides  at  the  opposite  parts  of  the 
^arth  to  where  the  moon  may  be  at  the  same  time ; 
for  that  part  of  the  earth,  which  is  opposite  to  the. 
moon,  exacts  a  greater  centrifugal  force  from  its 
centre,  than  that  which  is  nearest  to  the  centre  of 
gravity,  or  facing  that  and  the  moon ;  and,  therefore, 
as  that  part  rises  by  the  centrifugal  force,  and  those 
opposite  the  moon  by  the  centripetal  force,  or 
aaoon's  attraction,  as  before  mentioned. 

The  time  of  high  water,  at  any  place,  is  not  when 
tibe  moon  is  in  the  meridian,  but  is  generally  about 
three  hours  afterwards ;  the  cause  given  for  which 
is  as  follows :  The  moon,  when  in  the  meridian,  px 
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nearest  the ,  zenith  of  any  place,  tends  to  raise  the 
waters  stt  that  place  ;  and  this  force  must  evidently 
be  exerted  for  some  time,  before  the  greatest  elevation 
will  take  place ;  for,  were  the  moon's  attraction  to 
cease  altogether,  when  she  has  passed  the  meridian, 
yet  the  motions  already  communicated  to  the  waters, 
would  cause  them  to  ascend  for  some  time  after- 
wards; and,  therefore,  they  must  be  much  more  dis- 
posed to  ascend,  when  the  attractive  force  is  only  in 
a  small  measure  diminutive  y 

Thus  much  may  suffice  to  give  the  young  student 
a  general  idea  of  the  nature  and  rationale  of  the 
tides.  They  are  subject  to  much  deviation  from  the 
general  rule  given,  on  account  of  the  various  dis- 
proportions of  the  parts  of  ihe  earth,  and  other  local 
circumstances.  To  have  a  fuller  and  more  compre- 
hensive view  of  the  subject,  the  reader  must  consult 
other  larger  and  modern  treatises  on  astronomy  ^nd 
navigation,  where  complete  tables  and  demonstra* 
tions  are  given.  a 
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PART  I. 


A   TREATISE 

ON    THfi    USB    OF    THB 

TERRESTRIAL  AND  CELESTIAL  GLOBES. 


OF  THE  ADVANTAGES  OF  GLOBES  IN  GENERAL,  FOR 
ILLUSTRATING  THE  PRIMARY  PRINCIPLES  OF  AS- 
TRONOMY  AND  GEOGRAPHY  ;  AND  PARTICULARLY 
OF  THE  ADVANTAGES  OF  THE  GLOBES,  WHEN 
MOUNTED    IN    MY    FATHER'S    MANNER. 
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NIV^ERSAL  approbation,  the  opinion  of  those 
that  excel  in  science,  and  the  experience  of  those  that 
are  learning,  all  concur  to  prove  that  the  artificial 
representations  of  the  earth  and  heavens,  on  the  ter- 
restrial and  celestial  globes,  are  the  instruments  the 
best  adapted  to  convey  natural  and  genuine  ideas  of 
astronomy  and  geography  to  young  mind$. 

This  superiority  they  derive,  principally,  from 
their  form  and  figure,  which  communicates  a  more 
just  idea,  and  gives  a  more  adequate  representation 
of  the  earth  and  heavfens,  than  can  be  formed  from 
any  other  figjire. 
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To  understand  the  nature  of  the  projection  of 

either  sphere  in  plano^  requires  more  knowledge  of 

geometry,  than  is  generally  possessed  by  beginners ; 

,  its  principles  are  more  recluse,  and  the  solution  of 

problems  moi:e  obscure^* 

The  motion  of  the  earth  upon  its  axis,  is  one  of  the 
most  important  principles .  both  in  geometry  and 
SLStronomy ;  on  it  the  greater  part  of  the  phenomena 
of  the  visible  world  depends  ;  but  there  is  no  inven- 
tion that  can  communicate  so  natural  a  representation 
of  this  motion,  as  that  of  a  terrestrial  globe  about  its 
axis.  By  a  celestial  globe,  the  apparent  motion  of 
the  heavens,  is  always  represented  in  a  natural  and 
satisfactory  manner^ 

In  order  to  convey  a  clear  idea  of  the  various 
divisions  of  the  earth,  of  the  situation  of  different 
places,  and  to  qbtain  an  easy  solution  of  the  various 
problems  in  geography,  it  is  necessary  to  conceive 
many  imaginary  circles  delineated  on  its  surface, 
land  to  understand  their  relation  to  each  other.  Now, 
on  a  globe,  these  circles  have  their  true  form  ;  their 
intersections,  and  relative  positions,  are  visible  upon 
the  most  cursory  inspection.  But,  in  projections  or 
the  sphere  in  piano,  the  form  of  these  circles  is  va- 
ried, and  their  nature  changed ;  they  are,  conse- 
quently, but  ill  adapted  to  convey,  to  young  minrt^, 
the  elementary  principles  of  geogi;aphy. 

On  a  globe,  the  appearance  of  the  land  and  water 

*  See  Keith's  Introduction  to  Plane  and  Spherical  Tri^oBometry, 

«ya.  1810.,— Edit.  ^ 
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is  perfectly  natural  and  continitous,  fitted  tp  conyqr 
accurate  ideas,  and  leave  permanent  impressions  on 
the  most  tender  minds ;  whereas,  in  planispheres, 
one-half  of  the  globe  is  separated  and  disjoined  from 
the  other ;  and  those  parts,  which  are  contiguous  on 
^  globe,  are  here  separated  and  thrown  at  a  distance 
from  each  other,  llie  celestial  globe  has  the  same 
superiority  over  projections  of  the  heavens  in  piano. 

The  globe  exhibits  every  thing  in  true  proportion, 
}x)th  of  figure  and  size ;  whil^,  on  a  planisphere,  the 
feyerse  may  often  be  observed* 

Presuming  th^t  these  reasons  sufficiently  evince 
the  great  advantage  of  globes  over  eitlier  planispheres  ^ 
or  maps,  for  obtaining  the  first  principles  of  astrono-r 
mical  and  geographical  knowledge,  I  proceed  to 
point  out  the  pre-eminence  of  globes,  mounted  in  my 
father's  manner^  over  the  common,  or  rather  the  old 
and  Ptolemaic-  mode  of  fitting  them  up. 

The  great  and  increasing  sale  of  his  globes, 
mounted  in  the  best  manner,  may  be  looked  upon,  at 
least  as  a  proof  of  approbation,  from  numbers  ;  to 
this,  I  might  also  add,  tlie  encouragement  they  have 
received  from  the  principal  tutors  of  both  our  uni- 
versities, the  public  sanction  of  the  nniversity  of 
Leyden,  the  many  editions  of  my  father's  treatises 
on  their  use,  and  its  translation  into  Dutch,  &c.  The 
recommendation  of  Messrs.  Arden^  IValker,  Burton^ 
&e,  public  lecturers  in  natural  philosophy,  might 
also  be  adduced  ;  but,  leaving  these  considerations, 
I  5hall  proceed  to  enumerate  the  reaspns  which  give 
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tbem^  in  my  opinion,  a  decided  preference  over  evei^'^ 
other  kind  of  mounting* . 

The  earth,  by  its  diurnal  revolution  on  its  axis,  is 
carried  round  from  west  to  east.  To  represait  this 
real  motion  of  the  earth,  and  to  solve  problems 
agreeably  thereto,  it  is  necessary  that  the  globe,  in 
the  solution  of  every  problem,  should  1^  moved 

*  The  following  note  from  Mj*.  f'Pi//A:cr'5. Easy  Introduction  to 
Geography,  in  favour  of  my  fatiier's  globes,  will  not,  I  hope,  be 
deemed  improper. 

^*  Simplicity  and  perspicuity  should  ever  be  studied  by  those  who 
caltivate  the  young  mind ;  and  jurring,  oppotiing,  or  equivocal  ideas 
thould  be  avoided  almost  as  much  as  error  or  fa<sehood.  Our 
globes,  till  of  late  years,  were  equipt  with  an  hour  circle,  which 
prevented  the  poles  from  sliding  through  the  horizon  ;  hence  their 
rectiiication  was  generally  for  the  place  on  the  earthy  instead  of 
the  surf  s  place  in  the  ecliptic;  which  put  the  globe  into  so  ujina- 
tural  and  absnrd^a  position,  respecting  tlic  sun,  that  young  people 
were  confounded  when  they  compared  it  with  the  earth's  positions 
during  its  animal  rotation  round  that  luminary,  and  considering 
Ihc  horizon  as  the  boundary  of  day  and  night.  Being,  therefore, 
sometimes  obliged  to  rectify  for  the  place  on  the  earth,  and  some* 
times  for  the  sun\s  place  in  the  ecliptic,  the  two  rules  chish  so  uii- 
happily  in  the  pupiPs  mind,  that  few  remember  a  single  problem  a 
twelvemonth  after  the  end  of  their  tuition.  Globes,  therefore^ 
irith  the  horary  circle,  are  but  partially  described  in  this  treatise; 
the  great  intention  of  w  hich  is,  to  make  the  elevations  and  depres- 
sions  of  the  poles  of  a  terrestrial  globe,  to  represent  all  the  situa- 
tions the  earth  is  in  to  the  sun,  for  every  day  or  hour  through  the 
year.  The  globes  of  Mr.'  Adams  are  the  most  favourable  for  the 
above  mode  of  rectification  of  any  plates  we  have  at  present ;  and, 
to  make  a  quiescent  globe  to  represent  all  the  positions  of  one 
revoking  round  the  sun,  turning  on  an  inclined  axis,  and  keeping 
that  axis  altogether  parallel  to  itself,  his  globes  arc  better  adapted 
than  any,  I  believe,  in  being." 
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from  west* to  east;  and  for  this  purpose,  that  the 
divisions  on  the  large  brass  circle  should  be  on  that 
side  which  looks  westward.  Now,  this  is  the  case 
in  my  father's  mode  of  mountmgthe  globes,  and  the 
tutor  can  thereby  explain,  with  ease,  the  rationale 
of  any  problem  to  his  pnpil.  But,  in  the  common 
mode  of  mounting,  the  globe  must  be  moved  from 
east  to  west,  according  to  the  Ptolemaic  system  ; 
and,  consequently,  if  the  tutor  endeavours  to  shew 
how  things  obtain  in  ns^ture,  he  must  make  his  pupil 
unlearn,  in  a  degree,  what  he  has  taught  him,  and, 
by  abstraction,  reverse  the  method  he  has  instructed 
him  to  use ;  a  practice  that  we  hope  will  not  be 
adopted  by  many. 

ITie  celestial  globe  being  intended  to  represent  the 
apparent  motions  of  the  heavens,  should  be  moved, 
when  used,  froih  east  to  w^st. 

Of  the  phenomena  to  be  explained  by  the  terres- 
trial globe,  the  most  material  are  those  which  relate 
to  the  <jhanges,in  the  seasons  ;  all  the  problems  con- 
nected  with,  or  depending  upon,  these  phenomena, 
are  explained  in  a  clear,  familiar,  and  natural  man- 
ner, by  the  globe,  when  mounted  in  my  father's 
mode  ;  for,  on  rectifying  it  for  any  particular  day  of 
the  month,  it  immediately  exhibits  to  the  pupil  the 
exact  situation  of  the  globe  of  the  earth  for  that  day ; 
and,  while  he  is  solving  his  problem,  the  reason  and 
foundation  of  it,  presents  itself  to  the  eye  and  under- 
standing.   ' 

The  <Aohe  may  Also  be  placed  with  ease  in  the  po- 
sition of  a  right  sphere ;  a  circumstance  exceedingly 
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-useful^  and  which  the  old  construction  oF  the  globe* 
did  not  admit  of. 

By  the  application  qf  a  moveable  meridian,  and 
an  artificial  horizon  connected  with  it,  it  is  easy  to 
explain  why  the  sun,  although  he  be  always  in  one 
and  the  same  place,  appears  to  the  inhabitants 
of  the  earth  at  different  altitudes,  an4  in  different 
azimuths,  which  cannot  he  so  readily  done  with  the 
common  globes. 

On  the  celestial  globe  th^re  is  a  moveable. circle  of 
declination,  with  au  artificial  sun.  v.  , 

The  brass  wires  placed  uiider  the  globes,  serve  to 
distinguish,  in  a  natural  and  satisfact6ry  manner, 
twilight  from  total  darkness,  and  the  reason  of  the 
length  of  its  duration.    . 

The  next  point,  wherein  they  materially  differ 
from  other  globes,  is  in  the  hour  circle.  Now,  it 
must  be  confessed,  that  to  every  contrivance  that 
has  been  used  for  this  purpose,  there  is  some  objec- 
tion ;  and  probably  no  mode  can  be  hit  upon  that 
will -be  perfectly  free  from.  them.  The  method 
adopted  by  my  father,  appears  to  me  the  least  excep- 
tionable, and  to  possess  some  advantages  over  every 
other  method  I  am  acquainted  with.  Agreeable 
to  the  opinion  of  the  first  astronomers,  among  others 
of  M.  de  la  Lande,  he  uses  the  equator  for  tlie  hour 
circle,  not  only  as  the  largest,  but  also  as  the  mo&t 
natural  circle  that  could  be  employed  for  that  puN 
pose,  and  by  which,  alone,  the  solution  of  problems 
could  be  obtained  with  the  greatest  accuracy.  Aft 
on  the  terrestrial  globe,  the  longitude  of  difkT^l^^ 
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pl^es  is  reckoned  on  this  circle  ;  and  on  the  ceies- 
tial^  the  right  ascension  of  the  stars^  &d.  it  lami* 
liariz^  the  young  pupil  with  them^  and  their  reduc- 
tion to  time.  This  method  does  not,  in  the  least, 
impede  the  motion  of  the  globe ;  but,  while  it  affords 
an  equal  facility  of  elevating  either  the  north  or 
south  pole, '  it  prevents  the  ptipiV  from  placing  them 
in  a  wrong,  position  ;  while  the  horary  wire  secures 
the  ^obe  from,  falling  out  of  the  frame. 

Another  circumstance  peculiar  to  these  globes,  is 
the  mode  of  fixing  the  compass.  It  is.  self-evident, 
tfeat  tl*^  tutor,  who  is  willing  to  give  correct  ideas  to 
his  pupi!,  should  always  make  him  keep  the  globes 
with  the  north  {K)ie  directed  towards  the  north  pole 
of  the.  heavens,  and  that,  both  in  the  solution ^of 
problems,  and  the  explanation  of  plienomena«  By 
njeans  of  the  compass,  the  terrestrial  globe  is  made 
to  supply  the  purpose  of  a  tellurian,  when  sueh  an 
instrument  is  not  at  hamd.  1  cannot  tenninaite  this 
paragraph,  .without  testifying  my  disapprobation  of 
a  mode  ^(j|opt^4  by  some,  of  making  the  globe 
turn  roun4  .upon  a  pia  in  tlie  pillar  on  which  it  is 
supported;  a, mode  that,  while,  it  can'giv^  little 
relief  to  indolence,  is  less  firm  in  its  construction, 
and  tends  to  introduce  much  confusiott  in  the  mind 
of  the  pupil. 

In  order  to  prevent  that  confusion  and  perplexity, 
which  necessarily  arises  in  a  young  mind,  when 
names  are  made  use  of  which  do  not  properly  cha^ 
racterize  the  subject,  my  father  found  it  necessary, 
with  Mr.  Hutchins^  to  term  that  broad  wooden  cir- 
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cle,  which  supports  the  globe,  and  on  which  the  signs 

< 

of  the  epHptic,  and  the  days  of  the  montli,  are  en- , 
graved,  the  broad  paper  circle,  instead  of  horizon, 
by  which  it  had  been  heretofore  denominated.  The 
propriety  of  this  change,  will  be  evident  to  all  those 
who  consider,  that  this  circle,  in  some  cases,  repre- 
sents that  which  divides  light  from  darkness;  in 
others,  the  horizon,  and,  sometimes,  tlie  ecliptic. 
For  similar  reasons,  he  was  induced  to  call  the  brazen 
circle,  in  which  the  globes  are  suspended,-  the  strong 
.  bra^s  circle. 

In  a  word,  many  operations  may  be  performed  by 
these  globes,  which  cannot  be  solved  by  those 
mounted  in  the  common  manner ;  while  all  that  th^y 
can  solve  may  be  performed  by  these,  and  that  with 
a  greater  degree  of  perspicuity ;  and  many  problems 
may  be  performed  by  these,  at  one  view,  which,  on 
the  other  globes,  require  successive  operations. 

But  as,  notwithstanding  their  superiority,  the  dif- 
ference in  price  may  make  some  persons  prefer  the 
old  construction,  it  may  be  proper  to  inform  them, 
that  they  may  have  my  father's  globes  mounted  in 
the  old  manner,  at  the  usual  prices*. 

*  Our  late  author's  recommendadon  and  argnmcnts  herein  given, 
in  favour  of  his  father's  globes,  cannot  now  be  fully  admitted. 
'i'liore  always  have  been  some  few  inconveniences  attending  his 
nio.le  ot  mounting,  which  is  unnecessary  to  {U}intout  here.  Ci lobes 
biMiig  machines  of  illustfation  and  exempliiicadon  only,  and  not 
designed  for  accurate  calculation,  I  have  always  adopted  and  ad- 
vised that  mode  of  construction,  which  is  the  most  simple  ant| 
perspicuous  to  the  bt^g^inner,   iii   tllc  solving  of  the  problems; 
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I  dhcrefore  think  it  rery  proper  to  acquaint  the  reader,  that  there 

were  lately  completed,  new  sets  of*  plates  for  18  and  12-inch 

globes,  under  the  title  of  the  NEW  BRITISH  6L0B£S.     It  is 

DOW  more  than  40  years  since  the  plates  for  the  17-inch  ofSenex^Sy 

and  the  18-inch  oi  Adams' Sj  were  engraved;  and  the  important 

discoveries,  both  geographical  and  astronomical,  that  have  recently 

been  made,  have  afforded  the  opportunity  of  contributing  to  ren* 

der  the  above  new  globes  the  most  complete. of  any  extant.     On 

the  terrestrial  are  inserted  all  the  latest  bommunications  and  pla'ces, 

from  authentic  observations,  and  engraved  from  a  drawing  by  Mr. 

Jrrowsmiih;  and,  on  the  celestial,  are  placed  near  6000  stars, 

clnsters,  planetary  nebulae,  &c.  from  the  latest  observations  of  Dr. 

Maskel^ne^  Dr«  Herschcl,  &c.  as  computed  by  ine  for  the  yeav 

1801,  so  that  these  globes  may  be  considered  a^  properly  adapted 

for  the  present  century,  and  to  supersede  all  former  globe^..  .Eoit. 
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PART  II. 

t  I 

CONTAIHTNC 

A  DESCRIPTION  OF  THE  GLOBES 

MOUNTED  IN  THE  BEST  MANNER; 

TOGETHER  WITH  SOME  PRELIMINARY   DEFINITIONSy 


l)EFINITIONS. 

JLjiEFORE  we  begin  to  describe  the  globes,  it  will 
be  proper  to  take  some  notice  of  the  properties  of  a 
circle,  of  which  a  globe  may  be  said  to  be  constituted. 

A  line  is  generated  by  the  motion  of  a  point* 

Let  there  be  supposed  two  points,  the  one  move- 
able, the  other  fixed. 

If  the  moveable  point  be  made  to  move  directly 
towards  the  fixed  point,  it  will  generate  in  its  mo- 
tion a  straight  line. 

If  a  moveable  point  be  carried  round  a  fixed  point, 
keeping  always  the  same  distance  from  it,  it  will 
genetate  a  circle,  or  some  part  of  a  circle,  and  the 
fixed  point  wiI^  be  the  centre  of  that  cifcle. 

All  straight  lines,  going  from  the  centre  of 
j^ircumfersnce  of  a  circle,  are  equal. 
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Every  straight  line  that  passes  through  the  centre 
of  a  globe^  and  is  terminated  at  hoth  ends  by  its  sur* 
'dce,  is  called  a  diameter^ 

The  extremities  of  a  diameter  are  its  poles. 

If  the  circumference  of  a  semicircle  be  turned 
round  its  diameter^  as  on  an  axis^  it  will  generate  a 
globe,  or  sphere. 

The  centre  of  the  semicircle  will  be  the  centre 
of  the  globe ;  and  as  all  points  of  the  generating 
semicircle  are  at  an  equal  distance  from  its  centra, 
so  all  the  points  of  the  surface  of  the  genei^ated 
sphere  are  at  an  equal  distance  from  its  centre. 


DESCRIFTION   OF  THE   GLOBES. 

There  are  two  artificial  globes.  On  the  surface 
of  one  pf  them  the'  heavens  are  delineated ;  this  is 
called  the  celestial  globe.  The  other,  on  which  the 
surface  of  the  earth  is  described,  is  called  the  ter- 
restrial globe. 

Fig.  2 y-^  plate  l6,  represents  the  celestial,  ^^.  1, 
plate  l6,  the  terrestrial  globe,  as  mounted  in  my 
father^s  manner. 

In  using  the  celestial  globe^^  we  are  to  consider 
ourselves  as  at  the  centre. 

In  using  the  terrestrial  globe,  we  are  to  suppose 
ourselves  on  some  point  of  its  surface. 

The  motion  of  the  terrestrial  globe  represents  the 

real  motion  of  the  earth. 

The  motion  of  the  ^  celestial  globe  represents  the 

#j9paren<  motion  of  the  heavens.  ' 
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The  motion,  therefore,  of  the  celestial  globe,  is  a 
motion  from  east  to  west. 

But  the  motion  of  the  terrestrial  globe  is  a  motion 
from  we^t  to  east. 

On  the  surface  of  each  globe  several  circles  are  de- 
scribed, to  every  one  of  which  may  be  applied  what 
has  been  said  of  circles  in  page  194. 

The  centre  of  some  of  tliese  circles  is  the  same 
with  the  centre  of  tbe  globe  ;  tliese  are,  by  way  of 
distinction,  called  great  circles. 

Of  these  great  circles,  some  are  graduated. 

The  graduated  circles  are  divided  into  36o%  01 
€bpa\  parts,  90  of  which  make  a  quarter  of  a  circle, 
or  a  quadrant. 

Those  circles,  whose  centres  do  not  pass  through 
the  centre  of  the  globe,  are  ealljed  lesser  circles^ 

The  globes  are  each  of  them  suspended  at  the 
poles,  in  a  strong  brass  circle,  NZ^S,  and  turn 
therein  upon  two  iron  pins,  which  are  the  axis  of 
the  globe ;  they  have  each  a  thin  brass  semicircle 
NHS,  moveable  about  these  poles,  with  a  small  thin 
circle  H  sliding  thereon  :  it  is  quadrated  each  way 
to  90",  from  the  equator  to  either  pole.. 

On  the  terrestrial  globe,  this  semicircle  is  a  move- 
able  meridian.  Its  small  sliding  circle,  which  is 
divided  into  a  few  of  the  points  of  the  mariner'^ 
coi^pass,  is  called  a  terrestrial^  or  visible  horixon. 

On  the  cetestfial  globe,  this  semicircle  is  a  move^ 
able  circle  of  declination,  and  its  small  bras3  circle 
an  artificial  sun,  or  planet. 

£ach  globe  has  a  brass  wire  circle,  TWY,  placed 
at  the  limits  of  the  crepusculum,  or  twilight,  which. 
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together  uith  the  globe,  is  mounted  "in  a  wooden 
frame.  The  upper  part,  BC,  is  covered  with  a 
broad  paper  circle,  whose  plane  divides  the  globe 
into  two  hemispheres ;  and  the  whole  is  supported  by 
a  neat  pillar  and  claw,  with  a  magnetic  iieedle  in  ^ 
compass-box  marked  M,  to  s^t  the  axes  of  the  globes 
duly  north  and  south. 

A  DESCRIPTION  OF  THE  CIRCLES  DESORIBED  ON  THE 
BROAD  PAPER  CIRCLE  BC ;  TGGETH£;R  1VITH  A 
GENERAL   ACCOUNT   OF    ITS    USES. 

It  contains  four  /concentric  circular  spaces,  the. 
innernaost  of  which  is  divided  into  36o^,  and  num- 
bered into  four  quadrants,  beginniilg  at  the  east  and 
west  points,  and  proceeding  each  way  to  90",  at  the 
north  and  south  points :  tliese  are  the  four  car^nal 
points  of  the  horizon.    The  second  circular  space 
contains,  at  equal  distances,  the  thirty-two  points 
of  the  mariner's  compass.    Another  circular  space 
is  divided  into  twelve  equal  parts,  representing  the 
twelve  signs  of  the  zodiac ;  these  are  again  sub-  - 
divided  into  30  degrees  each,  between  which  are 
engraved  their  names  and  characters.     This  space  is 
connected  with  a  fourth,  which  contain?  the  ca- 
lendar of  the  months  and  days  ;  each  day,  on  the 
eighteen4nch  globes  being  divided  into  four  parts, 
expressing  the  four  cardinal  points  of  the  day,  ac- 
cording to  the  Julian  reckoning ;  by  which  means 
the  sun  s  place  is  very  nearly  obtained  for  the  com- 
mon years  after  bissextile,  and  the  intercalary  day  Vk 
inserted  without  confusion. 

n3 
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• 

In  all  positions  of  the  celestial  globe,  this  broad 
paper  circle  represents  the  plane  of  the  horizon,  and 
distinguishes  the  visible  from  the  invisible  part  of 
the  heavens ;  but  in  the  terrestrial  giobe,  it  is  ap- 
plied to  three  different  uses. 

1 .  To  distinguish  the  points  of  the  horizon.  In 
this  case,  it  represents  the  rational  horizon  of  any 
place. 

2.  It  is  used  to  represent  the  circle  of  illuminatm^ 
or  that  circle  which  separates  day  from  night. 

3.  It  occasionally  represents  the  ecliptic. 

Of  the  strong  brass  circle  NiEZS.  One  side  of 
this  strong  brass  circle  is  graduated  into  foyr  qua- 
drants, each  containing  90  degrees. 

The  numbers  on  two  of  these  quadrants  increase 
from  the  equator  towards  the  poles ;  the  other  t^Q 
increase  from  the  poles  towards  the  equator. 

Two  of  the  quadrants  are  numbered  from  the 
equator,  to  show  the  distance  of  any  point  on  the 
globe  from  the  equator.  The  other  two  are  num- 
bered  from  the  poles,  for  the  more  ready  setting  the 
globe  to  the  latitude  of  any  place. 

The  strong  brass  circle  of  the  celestial  globe  is 
called  the  meridian,  because  the  centre  of  the  sun 
comes  directly  under  it  at  noon. 

But  as  there  are  other  circles  on  the  terrestrial 
globe,  which  are  called  meridians,  we  chuse  to  deno-? 
minate  this  the  strong  brass  circle,  or  meridio/n. 

The  graduated  side  of  the  strong  brass  circle,  that 
belongs  to  the  terrestrial  globe^  should  fece  the  west. 
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The  graduated  side  of  the  strong  brazen  meridian 
of  the  celestial  globe^  should  face  the  east. 

On  the  strong  brass  circle  of  the  terrestrial  globe, 
and  at  about  23  t  degrees  on  each  side  of  the  north 
pol6,  the  days  cif  each  month  are  laid  down  accord- 
ing to  the  declination  of  the  sun. 

Of  the  Horary  Circles,  and  their  Indices.  When 
the  globes  are  mounted  in  my' father's  manner,  we 
use  the  equator  as  the  hour  circle ;  because  it  is  not 
only  the  most  natural,  but  also  the  largest  circle  that 
can  be  applied  for  that  purpose. 

To  make  this  circle  answer  the  purpose,  a  semi- 
circular wire  is  placed  over  it,  carrying  two  indices, 
one  on  the  east,  the  other  on  the  west  side  of  the 
strong  brass  circle. 

As  the  equator  is  divided  into  360**,  or  24  hours, 
the  time  of  one  entire  revolution  of  the  earth,  or  hea- 
vens, the  indices  will  shew  in  what  space  of  time  any 
part  of  such  revolution  is  made  among  the  hours 
which  are  graduated  below  the  degrees  of  the  equator 
on  either  globe. 

As  the  motion  of  the  terrestrial  globe' is  from  west 
to  east,  the  horary  numbers  increase  according  to 
the  direction  of  that  motion :  on  the  celestial  globe 
they  increase  from  the  east  to  the  west. 

Of  the  Quadrant  of  Altitude,  XA,Jig.  1.  This 
is  a  thin,  narrow,  flexible  slip  of  brass,  that  will  bend 
to  the  surface  of  the  globe ;  it  has  a  nut,  with  a  fidu- 
cial line  upon  it,  which  may  be  readily  applied  to 
the  divisions  on  the  strong  brass  meridian  of  either 
globe.    One  edge  of  the  quadrant  is  divided  int^ 
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90  degrees^  and  the  divisions  are  continued  to  18 
degrees  below  the  horizon. 

OF    SOME    OF    THE    CIRCLES    THAT    ARE  DESCRIBED 
UPON  THE   SURFACE   OF   EACH   GLOBE. 

We  may  suppose  as  many  circles  to  be  described 
on  the  surface  of  the  earth  as  we  please,  and  con- 
ceive them  to  be  extended  to  the  sphere  of  the  hea- 
vens, marking  thereon  concentric  circles  :  for  as  we 
are  obliged,  in  order  to  distinguish  one  place  from 
another,  to  appropriate  names  to  them,  so  are  we 
obliged  to  use  different  circles  on  the  globes,  to 
distinguish  the  parts,  and  their  several  relations  to 
each  other. 

Of  the  EquatqVy  or  Equinoctial.  This  circle  goes 
round  the  globe  exactly  in  the  middle,  between  the 
two  poles,  from  which  it  always  keeps  at  the  same 
distance;  or,  in  other  words,  it  is  every  where  90 
degrees  distant  f^-om  each  pole,  and  is,  therefore,  a 
boundary,  separating  the  northern  from  the  southern 
hemisphere ;  hence,  it  is  frequently  called  the  line  by 
sailors ;  and  when  they  sail  over  it,  they  are  said  to 
cross  the  line. 

It  is  that  circle  in  the  heavens  in  which  the  sun 
appears,  to  move  on  those  two  days,  the  one  in  the 
spring,  the  other  in  the  autumn,  when  the  days  and 
nights  are  of  an  equal  length  all  over  the  world ;  and 
hence,  on  the  celestial  globe,  it  is  generally  called  the 
equinoctial. 

It  is  graduated  into  3^0  degrees.     Upon  the  ter^ 
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restrial  globe,  the  numbers  increase  fraoi  the  meri- 
dian of  London  westward^  and  proceed  quite  round 
to  360  They  are  also  numbered  from  the  same 
meridian  eastward,  by  an  upper  row  of  figures^  to 
accommodate  those  who  use  the  English  tables  of 
latitude  and  longitude. 

On  the  celestial  globe,  the  equatorial  degrees  are 
numbered  from  the  first  point  of  Aries  eastward^  to 
360  degrees. 

Under  the  degrees  on  either  globe  is  graduated  a 
circle  of  hours  and  minutes.  On  the  celestial  globe 
the  hours  increase  eastward^  from  Aries  to  XII  at 
Libra^  where  they.begin  again  in  the  same  direction, 
and  proceed  to  XII  at  Aries.  But  on  the  terrestrial 
globe,  the  horary  numbers  increase  by  twice  twelve 
hours  westward  from  the  meridian  of  London  to  the 
same  again. 

In  turning  the  globe  about,  the  equator  keeps 
always  under  one  point  of  the  strong  brass  meridian, 
from  which  point  the  degrees  on  the  said  circle  are 
numbjered  both  ways. 

Of  the  Ecliptic.  The  graduated  circle  which 
crosses  the  equator  obliquely,  forming  with  it  an 
angle  of  about  23?  degrees,  is  called  the  ecliptic. 

This  circle  is  divided  into  twelve  equal  parts,  each 
of  which  contains  thirty  degrees.  The  beginning  of 
each  of  these  thirty  degrees  is  marked  with  the  cha- 
racters of  the  twelve  signs  of  the  zodiac. 

The  sun  appears  always  in  this  circle;  he  advances 
therein  every  day  nearly  a  degree,  and  goes  through 
it  exactly  in  a  year. 
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ITic  points  where  this  circle  crosses  the  equator 
are  called  the  equinoctial  points.  The  one  is  at  the 
beginning  of  Ari^,  th^  other  at  the  beginning  of 
Libra. 

The  commencement  of  Cancer  and  Capricorn  arc 
called  the  solstitial  points. 

ITie  twelve  signs,  and  their  degrees,  are  laid  down 
on  the  terrestrial  globe ;  but  upon  the  celestial  globe, 
the  days  of  each  n^onth  are  graduated  just  imder 
the  ecliptic. 

The  ecliptic  belongs  principally  to  the  celestial 
globe. 

The  time,  or  motions  in  degrees,  pointed  out  on 
tfie  equator,  by  means  of  the  semicircular  wires  JEOy 
with  two  points  O,  that  are  to  be  occasionally  slid 
on  these  two  wires,  at  the  mii^ute  of  the  hour,  or  th^ 
degree  given* 
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PART  III. 


THE   USE  OP   THE 


TERRESTRIAL  GLOBE, 

MOUNTED  IN  THE  BEST  MANNER. 


OF  LONGITUDE  AND  LATITUDE^  OF  TKRRE8TRIAL  MS 
KIPIANS,    AND  THE    PROBLEMS  RELATING  TO  LON- 
GITUDE AVD   J(^TITUDE, 
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ERIDIANS  are  circular  lines^  gotng  over  the 
earth's  surface^  from  one  pole  to  the  other^  and 
crossing  the  equator  at  right  angles. 

Whatever  places  these  circular  lines  pass  through, 
in  going  from  pole  to  pole^  they  are  the  meridians  of 
those  places* 

There  are  no  places  upon  the  surface  of  the  earth, 
through  which  meridians  may  not  be  conceived  to 
pass.  Every  place^  therefore,  is  supposed  to  have  a 
meridian  line  passing  over  its  zenith  from  north  to 
south,  and  going  through  the  poles  of  the  world. 

Thus,  the  meridian  of  Paris  is  one  meridian  ;  the 
meridian  of  London  is  another.  This  variety  of 
meridians  is  satisfactorily  represented  on  the  globe^ 
by  the  moveable  meridian,  which  may  be  set  to  every 
individual  point  of  the  equator,  and  put  directly 
oyer  any  particular  place. 
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Whensoever  we  move  towards  the  east  or  West,  we 
change  odr  meridian;  but  we  do  not  change  our 
meridian  if  we  move  directly  to  the  north  or  south. 
The  moveable  meridian  shews  that  the  poles  of  the 
earth  divide  every  meridian  into  two  semicircles^  one 
of  which  passes  through  the  place  whose  meridian  it 
is,  the  other  through  a  point  on  the  earth,  opposite 
to  that  place. 

Hence  it  is,  that  writers  in  geography  and  astro^ 
nomy  generally  mean  by  the  meridian  of  any  place, 
the  semicircle  which  passes  through  that  place; 
these,  therefore,  may  be  called  the  geographical 
meridians. 

All  places  lying  under  the  same  semicircle,  are 
said  to  have  the  same  meridian  ;  and  the  semicircle 
opposite  to  it,  is  called  the  opposite  meridian,  or 
sometimes  the-opposite  part  of  the  meridian. 

From  the  foregoing  definitions,  it  is  clear  that  the 
meridian  of  any  place  is  immoveably  fixed  to  that 
place,  and  is  carried  round  along  with  it  by  the  rota- 
tion of  the  globe. 

When  the  meridian  of  any  place  is  by  the  revo- 
lution of  the  earth  brought  to  point  at  the  sun,  it  is 
noon,  or  mid-day,  at  that  place.  • 

The  plane  of  the  meridian  of  any  place  maybe  ima- 
gined to  be  extended  to  the  sphere  of  the  fixed  atarsi* 
When,  by  the  motion  of  the  earth,  the  plane  of 
a  meridian  comes  to  any  point  in  the  heavens,  as  the 
sun,  moon,  &c.  tliat  point,  &c.  is  then  said  to  come 
to  the  meridian.  It  is  in  this  sense  that  we  generally 
use  the  expression  of  the  sun  or  stars  coming  tp,  or 
passing  over  the  meridian. 
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The  time  which  elapses  between  the  noon  of  any 
one  day^  in  a  given  place^  and  the  noon  of  the  day 
following  in  the  same  place^  is  called  a  natural  day* 

All  places  which  lie  unde^r  the  same  meridian,  have 
their  noon^  and  every  other  hour  of  .Ae  natural  day, 
at  the  same  time.  Thus,  when  it  is  one  in  the  after- 
noon at  London,  it  is  also  one  in  the  afternoon  at 
every  place  under  the  meridian  of  London. 

In  order  to  ascertain  the  situation  of  any  point, 
there  must  first  be  a  settled  part  of  the  earth's  sur- 
face, from  which  to  measure ;  and  as  the  point  to 
be  ascertained  may  lie  in  any  part  of  the  earth's  sur- 
face, and  as  this  surface  is  spherical,  the  place  from 
whence  we  measure  must  be  a  circle.  It  would  be 
necessary,  however,  to  establish  two  such  circles ; 
one  to  know  how  far  any  place  may  be  east  or  west 
of  anoth<er,  the  second  to  know  its  distance  north  or 
south  of' the  given  point,  and  thus  determine  its 
precise  situation. 

Hence,  it  has  been  customary  for  geographers 
to  fix  upon  the  meridian  of  some  remarkable  place, 
as  afir^  meridian,  or  standard ;  and,  to  reckon  the 
distance  of  any  place  to  the  east  or  west,  or  its  lour 
gitude,  by  its  first  distance  from  the  first  meridian. 

On  English  globes,  this  first  meridian  is  made  to 
pass  through  London.  The  position  of  this  first 
meridian  is  arbitrary,  because  on  a  globe,  properly 
speaking,  there  is  neither  beginning  nor  end.  The 
first  person,  (whose  works,  at  least,  are  come  down 
to  us)  who  computed  the  distance  of  places  by  Ion* 
gitudes  and  latitudes,  was  Ptolemy,  about  the  year 
after  Christ  1 40. 
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The  longitude  of  any  place  is  its  distance  frotti  the 
first  meridian^  xoeasured  by  degrees  on  the  ^uator. 

To  find  the  longitude  of  a  place^  is  to  find  whsKt 
d^ree  on  the  equator  the  meridian  of  that  place 
crosses. 

All  places  that  lie  under  the  same  meridian^  are 
said  to  have  the  same  .longitude ;  all  places  that  lie 
under  dififerent  meridians^  are  said  to  have  different 
longitudes ;  this  difference  may  be  east  or  west^  and^ 
consequently^  the  diflference  of  longitude  between 
any  two  places^  is  the  distance  of  their  meridians 
from  each  other,  meaisured  on  the  equator. 

Thus,  if  the  meridian  of  any  place  cuts  the  equa- 
tor in  a  point,  which. is  fifteen  jiegrees  east  fronv  that 
point,  where  the  meridian  of  London  cuts  the  equa- 
tor, that  place  is  said  to  diflfer  from  London  in  lon- 
gitude 15  degrees  eastward. 

Upon  the  terrestrial  globe,  there  are  24  meridians, 
dividing  the  equator  into  24  equal  parts,  which  are 
the  hour  circles  of  the  places  through  which  they 
pass. 

The  distance  of  these  meridians  from  each  other 
is  15  degrees,  or  the  24th  part  of  36o  degrees;  thus, 
15  diegrees  is  equal  to  one  hour. 

By  the  rotation  of  the  earth,  the  plane  of  every 
meridian  points  at  the  «un,  one  hour  after  that  me- 
ridian which  is  next  to  it  eastward  ;  and  thus  they 
successively  point  at  the  sun  every  hour,  so  that  the 
planes  of  the  24  meridian  semicircles  being  extended, 
pass  through  the  sun  in  a  natural  day. 

To  illustrate  this,  suppose  the  plane  of  the  strong 
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brass  merklian  to  coincide  with  the  sun,  bring  Lon*- 
don  to  this .  meridian,  and  then  move  the  globe 
rounds  and  you  will  find  these  24  meridians  sue* 
cessively  pass  under  the  strong  Srass  meridian,  at 
one  hour's  distance  from  each  other ;  till  in  24  hours 
the  earth  will  return  to  the  same  situation,  and  the 

r 

meridian  of  London  will  again  coincide  with  the 
strong  brass  circle. 

By  passing  the  globe  round,  as  in  the  foregoing 
article,  it  will  be  evident  to  the  pupil,  that  if  one 
of  these  meridians,  fifteen  degrees  east  of  London, 
comes  to  the  strong  brass  meridian^  or  points  at  the 
sun  one  hour  sooner  than  the  meridian  of  London, 
a  meridian  that  i^  30  degrees  east,  comies  two  hour's, 
sooner,  and  so  on ;    and,  consequently,  they  will 
have  noon,  and  eveiy  other  hour,  so  much  sooner 
than  at  London  ;  while  those,  whose  meridian  is  15 
degrees  westward  from  London,  will  have  noon,  and 
every  other  hour  of  the  day,  one  hour  later  than  at 
London,  and  so  on,  in  proportion  to  the  difference 
of  longitude.     These  definitions  being  well  under- 
stood, the  pupil  will  be  prepared  not  only  to  solve, 
but  see  the  rationale  of  the  following  problems. 

Pkoblem  1.  Tojind  the  longitude  of  any  place  om 

the  globe. 

The  reader  will  find  no  difliculty  in  solving  this 
problem,  if  he  recollects  the  definition  we  have 
given  of  the  word  longitude,  namely,  that  it  is  the 
distance  of  any  place  fi*om  the  first  meridian  mea^ 
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sured  on  the  equator.  Therefore,  either  set  tht 
moveable  meridian  to  the  phee,  or  bring  the  place 
under  the  strong  brass  meridian,  and  that  degree 
of  the  eqnator,  which  is  cut  by  either  of  the  brazen 
meridians,  is  the  longitude  in  degrees  and  minutes, 
or  the  hour  and  minute  of  its  longitude,  ^pressed 
in  time. 

As  the  given  place  may  lie  either  east  or  west  of 
the  first  meridian,  the  longitude  may  be  expressed 
accordingly. 

'  It  appears  most  natural  to  reckon  the  longitude 
always  westward  from  the  first  meridian  ;  but  it  is 
customary  to  reckon  one-half  round  the  globe  east- 
ward, the  other  half  westward  from  the  first  men- 
dian.  To  accommodate  those  who  may  prefer  either 
of  these  plans,  there  are  two  sets  of  numbers  on  our 
globes :  the  numbers  nearest  the  equator  increase 
westward,  from  the  meridian  of  London,  quite  round 
the  globe  to  36o^,  over  which  another  set  of  numbers 
is  engraved,  which  increase  the  contrary  way ;  so 
that  the  longitude  may  be  reckoned  upon  the  equa- 
tor, either  east  or  west. 

Example.  Bring  Boston,  in  New  England;  to  the 
graduated  edge  of  either  the  strong  brass,  or  of  the 
moveable  meridian,  and  you  will  find  its  longitude  in 
degrees  to  be  ^0^,  or  4  hours  42  minutes  in  time ; 
Rome,  12y  degrees  east,  or  50  minutes  in  time; 
Charles-Town,  North-America,  is  79  degrees  56 
minutes  west. 
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PitOBLBM  II.    To  fini  the  difference  of  longitudt 

hetiteen  any  two  places. 

If  the  pupil  understands  what  is  meant  by  the  dif« 
ference  of  longitude,  the  rule  for  the  solution  of  this 
problem  will  naturally  occur  to  his  mind.  Now  the 
4ifierence  of  longitude  between  any  two  places  ^ 
die  quantity  of  an  angle  (at  the  pole)  made  by  the 
meridians  of  those  places  measured  on  the  equator. 
To  express  this  angle  upon  the  globe,  briilg  the 
moveable  meridian  to  one  of  the  places,  and  the  other 
place  under  the  strong  brass  circle,  and  the  required 
angle^  is  contained  between  these  two  meridiani^^ 
the  measure  or  quantity  of  which  is  to  be  counted  on 
the  equator. 

Example.  I  find  the  longitude  of  Rome  to  be 
I  2t  east,  that  of  Constantinople  to  be  29 ;  the  dif-- 
ference  is  17?  degrees.  Again,  I  find  Jerusalem  has 
35  degrees  25  minutes  east  longitude  from  London ; 
and  Pekin  in  China,  116  degrees  52  minutes  east 
longitude ;  the  difierence  is  81  degrees  27  minutes ; 
that  is,  Pekin  is  8 1  degrees  27  minutes  east  longi^ 
tude  from  Jerusalem ;  or  Jerusalem  is  8 1  degrees 
27  minutes  west  longitude  from  Pekin. 

If  one  place  is  east,  and  the  other  west  of  the 
first  meridian,  either  find  the  longitude  of  both 
places  westward,  by  that  set  of  numbers  which  in- , 
crease  westward  from  the  meridian  of  London  to 
360  degrees;  and  the  difiference  between  the  dumber 
thus  founds  iB  the  answer  to  the  question :  or^  add 
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the  cast  and  west  longitudes^  and  the  sum  is  the^dif- 
ference  of  Iqngitude  ;  thas  the  longitude  of  Kotne  is 
12  degrees  30  minutes  east  of  Charles-Town,  79  ^^ 
grees  50  minutes  west;  their  sum,  91  degrees  20 
minutes,  is  the  difference  required. 

It  may  be  proper  to  observe  here,  that  the  differ* 
ence  in  time  is  the  same  with  the  difference  of  tongi- 
$§ide ;  consequently,  that  $ome  of  the  following 
problems  are  only  particular  cases  of  this  problem^ 
or  readier  modes  of  computing  this  differeiice. 

Problem  hi.  To  find  all  those  places  where  it 
is  noon,  at  any  given  hour  of  the  day,  at  any  given 
place.  :' 

Gefieral  rule.  Bring  the  given  place  to  the  brass 
meridian,  and  set  the  index  to  the  uppermost  XII ; 
then  turn  the  globe  till  the  index  points  to  the  given 
hour,  and  it  will  be  noon  to  all  the  places  under  the 
meridian. 

As  the  diurnal  motion  of  the  earth  is  from  west 
to  east,  it  is  plain  that  all  places  which  are  to  the 
east  of  any  meridian,  must  necessarily  pass  by  the 
sun  before  a  meridian,  which  is  to  the  west,  can  ar- 
rive at  it. 

N.B.  As  in  my  father's  globes,  the  XII,  or  first 

meridian,  passes  through  London,  you  have  only  to 

;  bring  the  given  hour  to  the  east  of  London,  if  in 'the 

morning,  to  the  brass  meridian,  anij  all  those  places 

.  whi(?h  are  under  it,  w^Jl  have  noon  at  the  given  hour; 
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but,  bring  the  given  hour  westward  of  Lohdon^  if  it 
be  in  the  afternoon. 

When^  it  is  4  honrs  60  minutes  in  the  afternoon 
at  Paris,  it  is  noon  at  New  Britain,  New  Engjiand^ 
St  Domingo,  Terra  Firma,  Peru,  Chili,  and  Terra 
delFuego.  ' 

When  It  is*  7  hoUrs  50  minutes  in  the  morning  at 
Ispahan,  it  is  noon  at  the  middle  of  Siberia,  Chinese 
Tartary,  China,  Borneo.  . 

Ph.Qbl£M  |V4,  Jf'hen  it  u  noon  at  any  place,  to  find 
what  hfur  of  the  day  it  is  at  any  hther  place. 

Rule.  '  Bring  fte  place  at  which  it  is  noon  to  the 
strong  brass  meridian,  and  set  the  hour  index  to 
the  uppermost  XII,  and  then  turn  the  globe  about 
till  the  other  place  conies  under  the  strong  brass 
meridian,  and  the  hour  index  will  shew  upon  the 
equatoi*  the  required  hour.  If  to  the  eastward  of 
the  place  where  it  is  noon,  the  hour  found  will  be  in 
the  afternoon  ;  if  to  the  westward,  it  will  be  in  the 
forenoon^ 

'^  Thus^  when  it  is  noon  a;t  London,  it  is  50  minutes 
past  XII  at  Ronie;  31i  minutes  past  VII  in  the  even- 
ing at  Canton^  in  China;  15  minutes  past  VII  in 

the  morning  at  Quebec,  in'Canada/ 

..'.».•  ... 

•••■•■■  •    .    ■  • 

»  .  » 

Problem  V.  The  hour  being  given  ai  any  place^^o 

tell  what  hour  it  is  in  any  other  part  of  the  world. 
Mule.  Bring*  the  plafee-where  the  time  is  requufed 
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under  the  strong  brass  meri^isai,  set  the  hour  index 
to  the  given  time^  then  turn  the  globe^  till  the  other 
place  is  under  the  bral^  meridian^  and  the  horary 
index  will  point  to  the  hour  required. 

Thus,  suppose  we  are  at  London  at  IX  o'clock  in 
the  morning,  what  is  the.  time  at  Canton,  in  China? 
Answer^  31  minutes  past  IV  in  the  afternoon.  When 
it  is  IX  in  the  evening  at  London^  it  is  about 
1 5  minutes  past  IV  in  the  afternoon  at  Quebec,  in 
Canada. 

Thus^  also,  when  it  is  III  in  the  afternoon  at 
London,  it  is  18  minutes  past  X  in  the  forenoon 
at  Boston.  When  it  is  VI  in  the  morning  at  the 
Cape  of  Good  Hope,  it  is  7  minutes  after  midniglit 
at  Quebec. 

OF  LATTTUDE. 

»  ... 

I  have  always  observed^  that  the  equator  divides 
the  globe  into  tWo  hemispheres,  the  northern  and 
the  southern. 

The  latitude  of  a  place  is  its  distance  from'  the 
equator  towards  the  north  or  south  pole,  measured 
by  degrees  lipon  the  meridian  of  the  place. 

All  places,  therefore,  that  lie  under  the  equator^ 
are  said  to  have  no  latitude. 

AH  other  places  upon  the  earth,  are  said  to  be  in 
laorth  or  south  latitude,  as  they  are  situated  on  the 
north  or  south  side  of  the  equator ;  and  the  latitude 
of  any  pldce  will  be  greater  or  less^  according  as  it  is 
further  from,  or  nearer  to  the  equator. 


\ 
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LaneB^  which  ke^  always  at  the  same  distance 
from  each  other^  are  called  parallels. 

If  a  circle,  or  circular  line,  be  conceived  keeping 
at  the  same  distance  from  the  equator,  it  will  be  a 
parallel  to  tlie  equator. 

Circles  of  this  kind  are  commonly  drawn  on  the 
tmestrial  globe^  on  both  sides  of  the  equator. 

A  circle  of  this  kind,  at  10  degrees  from  the  equa« , 
tOTf  is  called  a  parallel  of  10  degrees.. 

When  any  such  parallel  passes  through  two  places 
on  the  globe's  sur&ce,  tliose  two  places  have  the  same 
latitude* 

Hence,  paraliels  to  the  isquator  are  call^  parallels 
^  latitude. 

There  are  four  principal  lesser  circles  parallel  tp 
the  equator,  which  diyide  the  globe  into  f}v^  unequal 
parts,  called  stones. 

The  eiixle  on. the  north  side  of  the  equator  is 
icalled  the  tropic  of  Cancer;  it  just  touches  the  north 
part  of  the  ecliptic^  and  shews  the  path  the  sun 
appears  to  describe,  the  longest  day  in  summer. 
*  Th^t  which  is  on  the  south  side  ot  the  equator 
is  called  the  tropic  of  Capricorn ;  it  just  touches 
the  south  part  of  the  ecliptic,  ai^d  shews  the  path 
the  sun  appears  to  describe^  the  shortest  day  in 
winter. 

The  space  between  these  two  tropics,  which  <^on* 
tains  about  47  degrees,  was  called  by  the  i^icients 
*he  torrid  zone. 

The  two  polar  circles  are  placed  at  the  sam^e  dis« 
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tance  from  the  poles^  that  the  two  tropics  are  from 
the  equator. 

One  of  these  is  called  the  northern,  the  other  the 
wmthem  polar  circle.  . 

These  include  23^  degrees  on  eadi  side  of  their 
resf  eetive  poles  ;  and,  consequently,  contain  A) 
degrees,  equal  to  the  number  of  degrees  induded 
between  the  tropics. 

The  space  contained  within  the  northern  polar 
circle  was,  by  the  ancients,  called  the  north  frigid 
zone ;  and.that  within  the  southern  polar  circle,  the 
south/rigid  zone. 

Th^  spaces  between  either  polar  circle,  and  its 
nearest  tropic,  which  contain  about  43  degre^  each) 
wepp  called  by  the  ancients  the  two  temperate  zones. 


Problem  vi.  To  Jind  the  latitude  of  ant/  place: 

-  If  the  pupil  comprehends  the  foregoing  definiti<»i| 
he  will  find  no  diificulty  in  the  solution  of  this  and 
some  of  the  following  problems. 

Itule.  Bring  the  place  to  the  gradiiated  side  of  the 
sti^ng  brass  meridian,  and  the  degree  which  is  over 
it  is  the  latitude.  Thus,  London  will  be  found  to 
have  61  degree3.  30  minutes . north  latitude;  Con- 
stantinople, 4 1  degrees  north  latitude ;  and  the  Cape 
of  Good  Hope,  34  degrees  south  latitude. 
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Problem  vn.  To  find  all  those  places  which 
have  the  same  latitude  with  any  given  place. 

Suppose  the  given  place  to  be  London  ;  turn  the 
globe  round,  and  all  those  places  which  pass  under 
t^e  same  point  ojF  the  strong  brasa  meridian,  are  ir> 
the  same  latitude. 


Problem  viii.  To  find  the  difference  of  latitude' 
between  two  places. 

^Rule.  If  the  places  be  iitii  the  same  hemisphere^ 
bring  each  of  th^m  to  the  meridian,  and  subtract  the 
latitude  of  one  fron^  the  other.  If  Ihey  ar^in  difie*. 
rent  hemispheres,  add  the  latitude  of  one  to  th^  of 
the  other. .. 

J^xample.  The  latitude  of  Lon4on  is. 51  degrees 
31}  minutes,  that  of  Constantinople  41  degrees ;  their 
difl^rence  is  10  degrees  32  minutes.  The  difierence- 
betiveen  Lpudon,  51  degrees  32  minutes  north,  and 
the  Cape  of  Good  Hope,  34  degrees  south,  is  84 
degrees  32  minutes.  ^ 

Pi^OBLEM  IX.  Tfie  latitude  and  longitude  of 
any  place  being  known^  to  find  that  place  upon  the 
globe. 

Mule.  Seek  for  the  given  longitude  in  the  equator, 
and  bring  the  moveable  meridian  to  that  point ;  then 
count  from  the  equator  on  the  meridiaii  the  degree 
of  latitude  eithey  towards  the  north  or  south  pole, 
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and  bring  the  artificial  horizon  to  that  degree,  and 
the  intersection  of  its  edge  with  the  meridian  is  the 
situation  required. 

By  this  problem,  any  place  not  represented  on  the 
globie  may  be  laid  down  thereon,  and  it  may  be  seeji 
w^here  a  ship  is,  when  its  latitude  and  longitude  are 
known. 

Example.  The  latitude  of  Smyrna,  in  Asia,  is 
38  degrees  28  minutes  north ;  its  longitude  27  de- 
degrees  30  minutes  east  of  London ;  therefore,  briiig 
27  degrees  30  minutes  counted  eastward  on  the 
equator,  to  the  moveable  meridian,  and  slide  the 
diameter  of  the  artificial  horizon  to  38  decrees  38 
minutes  norths-latitude,  and  its  centre  will  be  con 
r^tly  placed  over  Smyrna. 

It  may  be  proper,  in  this  place,  just  to  shew  tiie 
pupil,  that  the  latitude  of  any  place  is  always  equal 
to  the  elevation  of  the  pole  of  the  same  place  above 
the  horizon.  'The  reason  of  this  is,  that  from  the 
equator  to  the  pole  are  90  degrees,  from  the  zenith 
to  the  horizon  are  also  90  degrees  ;  the  distance  of 
the  zenith  to  the  pole  is  common  to  both ;  and^y 
therefore,  if  taken  away  from  both,  must  leave  equal 
remains ;  that  is,  the  distance  from  the  equator  to 
the  zenith,  which  is  the  latitude,  is  equal  to  the  ele- 
vation of  the  pole. 

OF   FINDING  THE   LONGITUDE. 

As  the  finding  the  longitude  of  places  forms  one 
of  the  most  importiant  problems  in  geography  and 
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astronomy,  some  farther  account  of  it^  it  is  pre^ 
ruined,  Will  prove  entertaining  and  usefiil  to  the 
reader. 

**  For  what  can  be  more  interesting  to  a  person 
iti  a  long  voyage,  than  to  be  able  to  tell  upon  what 
part  of  the  globe  he  is,  to  know  how  far  he  has 
travelled,  what  distance  he  has  to  go,  and  how  be 
must  direct  his  course  to  arrive  at  the  place  he 
designs  to  visit  ?  These  important  particulars  are 
all  determined  by  knowing  the  latitude  and  lon^^ 
^tude  of  the  place  under  consideration.  When 
the  discoveiy  of  the  compass  invited  the  voyagejr 
to  quit  his  native  shore,  and  venture  himself  upon 
an  unknown  ocean,  that  knowledge^  which  befoi:e 
he  deemed  of  no  importance,  now  became  a*  matter 
of  absolute  necessity.  Floating  in  a  frail  vessel^ 
upon  an  uncert^in^abyss,  he  has  consigned  himself 
to  the  mercy  of  the  winds  and  waves^  and  knows 
not  where  he  is*.** 

The  following  instance  will  provie  of  what  use  it 
is  to  know  the  longitude  of  places  at  sea.  The 
editor  of  Lord  AnsorCs  voyage^  speaking  of  the 
island  of  Juan  Fernandez,  adds,  *^  The  uncertainty 
we  were  in  of  its  position,  and  our  standing  in  for 
the  main  on  the  28th  of  May,  in  order  to  secure  a 
sufficient  easting,  when  we  were,  indeed,  extremely 
near  it^  cost  us  the  lives  of  between  ^0  and  80  of 
our  men,  by  our  longer  continuance  at  sea ;  from 
which  &tal  accident  we  might  have  been  exempted^ 

*  Bonnjf castle's  Astronomy. 
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bad  wq  been  furnished  with  such  an  account  of  it& 
situation^  as  we  could  fully  have  depended  on,** 

The  latitude  of  a  place  the  sailor  can  easily  dis-r 
cover.;  but  the  longitude  is  a  subject  of  the  utmost 
difficulty^  Sot  the  discovery  of  which  so  many  m^ 
thods  have  been  devised.  It  is^  indeed^  of  so  great 
consequence,  that  the  Parliament  of,  Great  Britain 
proposed  a  reward  of  10,000/.  if  it  extended  only  to 
one  degree  of  a  great  circle^  or  6o  geographical  miles ; 
IS^OOO^  if  found  to  40  such  miles ;  and  20,000/.  to 
the  person  that  caiv  find  it  within  30  minutest  of  a 
great  circle,  or  30  geographical  mile$.    • 

As  I  cannot  enter  fully  into  this  subject  in  these 
Essays,  it  will,  I  hope,  be  deemed  sufficient^  if  I 
give  such  an  account  as  will  enable  the  reader  to 
form  a  general  idea  of  the  solution  of  this  important 
problem. 

From  what  has  been  seen  in  the  preceding  pages, 
it  is  evident  that  1 5  degrees  in  longitude  answer  to 
one  hour  in  time ;  and,  consequently,  that  the  longi- 
tudfi  of  any  place  wquld  be  l^nown,  if  we  knew 
their  difference  in  time ;  or, .  in  other  words,  how. 
much  sooner  the  sun,  &c. .  arrives  at  the  meridian  of 
one  place5  than  that  of  aaother.  The-  hours  and 
degrees  bemg,  in  this  respect,  commensurate,  it  is 
as  proper  to  express  the  distance  of  any  place  in  time 
ts  in  .degrees!. 

.  Now  it  is  clear,  that  this  difference  in  time  would 
be  easily  ascertained  by  the  observation  of  ?tny  ia-» 
stantaneous  appearance  in  the  heavens,  at  two 
distant  places ;  for,  the  difference  in  time,  at  which 


OF  FINOING  THE   LONQITUBE.  8I9 

the  afame,  phenomenon  is  obs«*ved^  will  be  the  dis* 
tance  q£  the  two  places  from  each  other  in  longitude. 
On  this  principle^  most  of  the  methods  in  general 
tise  are  founded. 

Thus,  if  a  clock,  or  watch,  was  so  contrived,  as ' 
to  go  uniformly  in  all  seasons,  and  in  all  places; 
such  a  >v^tch  being  regulated  to  London  time^  would 
always  shew  the  time  of  the  day  at  London ;  then, 
the  time  of  the  day  under  any  other  meridian  being 
found,  the  diflference  between  that  time,  and  the  cor* 
xesponding  London  time,  would  give  the  difference 
in  longitude. 

For,  suppose  any  person,  pos3eped  of  one  of  these 
time-pieces^  to  set  out  on  a  journey  from  London^ 
if  his  time-piece  be  accurately  adjusted,  wherevep 
he  is,  he  will  always  know  the  hour. at  Londoii 
exactly ;  and  when  he  has  proceeded  so  far  either 
^eastward  or  westward,  that  a  difference  is  perceived 
betwii^t  the  hour  shewn  by  his  timepiece,  and 
those  of  the  clocks  and  watches  at  the  places  to 
which  he  goes,  the  distance  of  those  places  from 
London  in  longitude  will  be  known.  But  to  what- 
ever d^ree  of  perfectimi  such  movements  may  be 
made,  yet,  as  every  mechanical  instrument  is  liable 
to  be  injured  by  various  afccidents,  other  methods 
are  obliged  to  be  nsed,  as  theeclipses  of  the  sun  and 
moon,  or.. of  Jupiter  s  satellites.  Thus,  supposing 
the  moment  of  the  beginning  of  an  eclipse  was  at 
ten  o'clock  at  night  at  London,  and  by  account  front 
ivfO  observers  in  t^o  other  places,  it  appears  that  it 
begap  with  one  of  them  at  nine  o'clock,  and  with 
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the  other  at  midnight ;  it  is  plain,  that  the  place 
where  it  bc^n  at  nine  is  one  hour,  or  15  degrees, 
taat  in  longitude  from  London ;  the  other  place 
where  it  b^n  at  midnight>  is  30  degrees  distant 
in  west  longitude  from  London.  Eclipses  of  the 
sun  and  moon  do  pot,  however,  happen  often  enough 

« 

to  answer  the  purposes  of  navigation  ;  and'  the  mo^ 
tion  of  a  ship  at  sea  prevents  the  observations  of 
those  of  Jupiter*s  satellites.  s^ 

If  the  place  of  any  celestial  body  be  computed  ; 
for  example,  as  in  an  almanack,  for  every  day,  or  to 
parts  of  days,  to  any  given  meridian,  and  the  plac^ 
of  this  celestial  body  can  be  found  by  observation 
at  sea,  the  difierence  of  time  between  the  time  of 
observation,  and  the  computed  time,  will  be  the 
difierence  of  longitude  in  time.  The  moon  is 
f3und  to  be  the  most  proper  celestial  object,  and  the 
observation  of  her  appulses,  to  any  fixed  star,  is 
reckoned  one  of  the  best  methods  for  resolving  this 
difficult  problem. 


LENGTH   OF  THE   DEGREES  OF  LOKGrritDE, 

Supposing  the  earth. to  be  a  perfect  globe;  the 
length  of  a  degree  upon  the  meridian  has  been  esti- 
mated to  be  69,1  miles;  but  as  the  earth  is  an  oblate 
spheroid,  the  length  of  a  d^^ree  on  the  equator  will 
he  spmewhat  greater. 

Whether  the  earth  be  considered  as  a  spheroid  or 
a  globe,  all  the  meridiuis  intersect  one  another  at  the 
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poles.  TherefiHPe^  the  number  of  miks  in  a  degree 
mwt  always  cleerease  as  you  go  north  or  south  from 
the  equator.  Tliis  is  evident  by  inspedtion  of  a 
^lobe^  where  the  parallels  of  latitude  are  found  to  be 
amall^  in  proportion,  as  they  are  nearer  the  pole 
Hence  it  is,  that  a  degree  of  longitude  is  no  where 
the  same,  but  upon  the  same  parallel ;  and  that  a 
degree  of  longitude  is  equal  to  a  degree  of  latitude 
only  upon  the  equator. 

The  foUowii^  table  shews  how  many  geographical 
miles,  and  decimal  parts  of  a  mile,  would  be  con«- 
tained  in  a  degree  of  longitude,  at  e^h  d^ree  of  la* 
titude  from  the  equator  to  the  poles,  if  the  earth  was 
a  perfect  sphere^  and  the  circumference  of  its  equi- 
noctial  line  36o  degrees,  and  each  degree  6o  geo* 
graphical  miles. 

Tliis  table  enables  us  to  determine  the  velocity 
with  which  places  upon  the  globe  revolve  eastward ; 
for  the  velocity  is  different,  according  to  the  distance 
of  the  places  from  the  equator,  being  swiftest  as 
passing  dirough  a  greater  space,  and  so,  by  degrees, 
slower  towards  the  pole,  as  passing  through  a  iess 
space  in  the  same  time.  Now,  as  every  pari  of  the 
earth  is  moved  through  the  space  of  its  circum-r 
ference,  or  36o  degrees,  in  24  hours ;  the  space 
described  in  one  hour,  is  found  by  dividing  36o  by 
24,  which  gives  in  the  quotient  1 5  degrees  ;  and  so 
many  degrees  does  every  place  on  the  earth  move  ia 
an  hour.  The  number  of  miles  contained  in  so 
many  degrees,  in  any  latitudej  is  readily  found  from 
the  table. 
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'  Thus,  Under  the  cquatoi*  places  revolve  at  the  rate 
of  moie  than  1000  miles  in  aii  hour;  at  London^  at 
die  rate  of  ahout  640  miles  in  an  hotir. 
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Deg. 

00 
1 

-  2 
3 

4 
5 

6 
7 

8 

9 

10 

11 

12 

13 
14 
15 

i6 

n 

18 

19 

20 

21 

22 

23 
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25 

26 

37 

28 

29 
30 
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66,60 

59,99 

59,96 

69,93 
59,86 

59,77 

69,67 
59,56 
59,42 
59,26 

69,08 
68,89 
58,68 
58,46 
58,22 

57,95 

57,67 
57,37 

57,06 

'56,73 

56,38 

56,01 

55,63 

55,23 

54,81 

54,3  S 

53,93 

53,^6 
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62,47 

51,96 
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31 

32 
33. 
34 
35 
36 

37 
38 

39 
40 

41 

42 

43 

44 

45 

46 

47 
48 

49 
50 

51 

52 

53 

54 

55 

56 

57 
58 

60 
61 
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Miles. 

51,43 
50,88 
50,32 

49,74 
49,15 
48,54 

47,93 
47,28 
46,62 

45,28 
44,59 
.43,88 
43,16 
42,43 
41,68 
40,92 
40,15 
39,36 

38,57 

3r,76 

36,94 

36,11 

S5,26 

34,41 

33,55 

32,68 

31,79 
30,90 

30,00 
39,09 


Deg. 

62 
63 
64 
65 
66 
67 

6S 

69 

70 

71 
73 

73 

74 
75 

76 

77' 

78 

79 

80 
81 
82 
83 
84 
85 
86 

87 
88 

89 
90 


LAT. 

M^s. 

28,17 

37,24 

26,30 

25,36 

24,41 

33,45 

22,48 

21^0 

20,52- 

19,64 

18,55 

17,54 

16,53 

15,52 

14,51 

13^,'50 

.112,47 
^1C45 
10,42 
9,38 
8,35 
7,33 
6,28 
5,23 
4,18 
3,14 
3,09 
1,05 
0,00 
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Another  circumstance  which  arises  from  this  dif- 
ference  of  meridians  in  time^  must  detain  us  a  little    ' 
before  we  quit  this  subject.     For,  from  this  dif- 
ference it  follows,  that  if  a  ship  sails,  round  the 
world,  always  directing  her  course  eastward,  she 

•  will,  at  her  return  home,  find  she  has  gained  one 
whole  day  of  those  that  stayed  at  home  j  that  is,  if  ' 
they  reckon   it  May  1,   the  ship's  company  will    ' 
reckon  it  May  2  ;    if  westward^   a   day  less,  or 
April  30. 

This  circumstance  has  been  taken  notice  of  by 
navigators,  ^^  It  was  during  our  stay  at  Mindanao, 
(says  Captain  Dampier)  that  we  were  first  made  sen* 
sible  of  the  change  of  time  in  the  course  of  our  voy- 
age :  for,  having  travelled  so  far  westward,  keeping 
the  same  course  with  the  sun,  we,  consequently, 

.  have  gained  something  insensibly  in  the  length  of 
the  plirticular  days,  but  have  lost  in  the  tale  the 
bulk  or  number  of  the  days  o>r  hours, 

^*  According  to.  the  different  longitudes  of  Eng- 
land and  Mindanao,  this  isle  being  about  210  de- 
gi'ees  west  from  the  Lizard,  the  difference  of  time, 
at  our  arrival  at  Mindanao,  ought  to  have  been  about 
fourteen  hours  ;  and  so  much  we  should  have  antici- 
pated  our  reckoning,  having  gained  it  by  bearing  the 
sun  company,  . 

"  Now,  the  natural  day,  in  every  place,  must  h€ 
consonant  to  itself;  but  going  about  with,  or  against 
the  sun's  course,  will,  of  necessity,  make  a  difference 
in  the  calculation  of  the  civil  day,  between  any  two 
places.     Accordingly,  at  Mindanao,  and  other  places 
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in  the  East  Indies^  we  found  both  natives  and  £u^ 
ropeans  reckoning  a.  day  before  us.  For  the  Eu- 
ropeans coming  Eastward^  by  the  Cape  of  Good 
Hope,  in  a  course  contrary  to  the  sun  and  us, 
wherever  we  met,  were  a  fiiU  day  before  us  in  their 
accounts. 

'^  So  among  the  Indian 'Mahometans,  their  Friday' 
was  Thursday  with  us ;  though  it  was  Friday  also 
with  those  that  came  eastward  from  Europe. 

'^  Yet,  at  the  Ladrone  islands^  we  found  the  Spa- 
niards at  Guam  keeping  the  same  computation  with 
ourselves;  the  reason  of  which  I  take^to  be,  that  they 
.  settled  that  colony  by  a  course  westward  from  Spain ; 
the  Spaniards  going  first  to  America^  and  thence  to 
die  Ladrone  islands." 

It  is  clear,  from  what  has  been  said  in  the  first 
part  of  this  article^  concerning  both  latitude  and  lon- 
gitude, that  if  a  person  travels  ever  so  far  directly 
towards  east  or  west,  his  latitude  would  be  always 
the  same,  though  his  longitude  would  be  continually 
changingp 

But  if  he  went  directly  north  or  south,  hi&  longi- 
tude would  continue  the  same,  but  his  latitude  would 
be  perpetually  varying. 

If  he  went  obliquely,  he  would  change  both  his 
latitude  and  longitude. 

The  longitude  and  latitude  of  places  give  only 
their  relative  distances  on  the  globe;  to  discover, 
therefore,  their  real  distance,  we  have  recourse  to  the 
following  problem. 
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Problem  k.  Any  place  hemg  given^  to  find  tht 
AUtwrne  €f  that  place  fnom  another ^  in  a  great  circle 
aftke  tijerttu 

I  sb^U  divide  this  problem  into  thiree  cas^. 

Case  1.  If  the  places  He  under  the  same  meridiam 
Brin^  them  up  to  the  meridian^  and  mark  the  num-- 
ber  of  degrees  intercepted  between  them.  Multiply 
the  number  of  degrees  thus  found  by  60,  and  they 
will  give  the  number  of  gec^raphical  miles  between 
the  two  |daees.  But  if  we  would  have  the  number 
of  English  miles^  the  d^jrees  before  found  must  be. 
multiplied  by  69^. 

dose  2.  If  the  places  lie  under  the  equator.  Find 
their  difference  o£  longitude  in  degrees^  and  tnulti- 
ply,  as  in  the  preceding  case,  by  66,  or  69^. 

Case  3;  If  tiie  pkte^  lie  neither  under  the  tome 
meridian*  aaor  ijpder  the  equator*  Then  lay  the 
quadrant  of  altitude  over  the  two  places,  and  mark 
tbe  number  of  di^ees  intercepted  between  them« 
Xhese  degrees^  multiplied  as  above-mentioned,  will 
give  the  required  distance. 

Phoblem  XI.    To  find  the  angle  of  position  of 

places. 

The  angle  ofposttioh,  is  that  formed  between  the 
^meridian  of  one  qf  the  places,  and  a  great  circle  pass* 
ing  through  the  other  place. 

p 
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Rectify  the  globe  to  the  latitude  and  zenith  of  one 
of  the  places^  bring  that  place  to  the  strong  brass 
Rieridiahy  set  the  graduated  edge  of  the  quadrant  to 
the  other  place^  and  the  number  of  degrees  contained 
between  it  and  the  strong  brass  meridian^  is  the  mea- 
sure of  the  angle  sought.     Thus, 

The  angle  of  position  between  the  meridian  of 
Cape  Cleiar,  in  Ireland,  and  St.' Augustine,  in  Flo- 
rida, is  about  83  degrees  north-westerly;  but  the 
togle  of  position  between  St.  Augustine  and  Cape 
Clear,  is  only  about  46  degrees  north-easterly. 

Hence  it  is  plain,  that  the  \vas  of  position^  or 
azimuth,  is  not  the  same  from  either  place  to  the 
other,  as  the  rhomb-lines  are. 

PaOb^em  XII.    To  Jind  tJie  hearing  of  one  place 

from  another i 

The  bearing  of  one  sea-port  to  another  is  deter- 
mined  by  a  kind  of  spiral,  called  a  riiomb-line,  pass* 
ing  from  one  to  the  other,  so  as  to  make  equal 
angles  with  all  the  meridians  k  passes  by ;  llierefore, 
if  both  places  are  situated  on  the  same  parallel  of 
latitude,  their  bearing  is  either  east  or  west  from 
each  other ;  if  they  are  upon  the  same  meridian,  they 
bear  north  and  south  from  one  another ;  if  tfa^  lie 
upon  a  jhomb-line,  their  bearing  is  the  same  with  it ; 
if  they  do  not,  observe  to  which  rhomb-line  the  two 
places  are  nearest  parallel>  and  tiiat  will  shew  the 
bearing  sought, 

Example.   Thus,  the  beaming  of  the  Lizard  point 
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from  the  island  of  Bermudas^  is  nearly  E.N.  E ;  and 
that  of  Bermudas  from  the  Lizard  is  W.S.W.  both 
nearly  upon  the  same  rhomb-line^  but  in  contrary 
directions. 


OF  THI  TWILIGHT. 

I 

V 

That  light  which  we  have  from  the  sun  l^fore  it 
rises^  and  after  it  sets^  is  called  the  twilight. 

The  morning  twilight^  or  day-break^  commences 
when  the  sun  comes  within  eighteen  degrees  of  the 
horizon>  and  continues  till  san*-rising. .  The  evening 
twilight  begins  at  sun-^setting,  and  continues  till  it  is 
eighteen  degrees  below  the  horizon. 

To  illustrate  the  causes  of  the  various  lengths  of 
twilight^  in  difierent  places,  a  wire  circle  is  fixed 
eighteen  degrees  below  the  surface  of  the  broad 
paper  circle ;  so  that  all  those  places  which  are  above 
the  wire  circle  will  have  twilight,  but  it  will  be  dark 
to  all  those  places  below  it* 

I  have  alresidy  observed,  that  it  is  owing  to'  the 
^tmosphere^  that  we  ate  fiivoured  with  the  light  of 
the  sun  before  he  is  above,  and  dler  he  is  below, 
our  horizon.  Hence,  though  after  sun^-setting  we 
receive  no  direct  light  from  the  sun,  yet  we  enjoy 
its  reflected  light  fbr  some  time;  so  that  the  dark- 
ness of  the  night  does  not  come  on  suddenly,  but  by 


In  a  right  position  of  the  sphere,  the  twilights  are 
quickly  over,  because  the  sun  rises  and  sets  nearly  in 
ai  perpendicular ;  but,  in  an  oblique  sphere,  they  last 

p  2 
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Ipnger,  the  sun  rislfig  and  setting  qlfljqnely,  T^e 
greater  ^  l^titjude  of  the  |)l^ace^  th^  Ipnger  19  the 
duration  o^  the  twilighit  f  so  tl^  all  tho3e  :b^ho  are 
in  49  degrees  of  latitude,  have,  in  the  summer^  near 
the  solstice,  their  atmosphere  enlightened  the  whole 
night,  the  twilight  lasting  till  sun-rising. 

In  a  parallel  sphere,  the  twilight  lasts  for  several 
montt^s ;  sp  that  the  iahabjit^ njb|  of  |iiis  pps^tion  ^ve 
either  direct  or  reflex  lijgj^t  of  j^l^e  s^n  nejsiriy  all  the 
year,  as  wiU  plainly  appear  hy  t^^  globes 


OF  THE  DIURNAt  MOTION    OF  THE    EARTH,    AND   THE 
PROBLEMS    DEPENBING   ON  THAT  MOTION. 

As  the  d^ily  fifotion  pf  the  e^h  about  its  axi^o 
9^4  thiB  phenom^n^  dependant  on  ^|t|  are  i^ni^  of  the 
miast  les^fftial  pojint$  whiefi  ^  \ieginpsr  ougH  to  h^ve 
in  view,  w^  sl^aU  now  ende^yoqr  ^  explain  ^jb^e^  by 
the  globes ;  and  h/sre  I  tjbiiriV  th^  advantage  of  glpbes^i 
mounted  in  my  father's  manner,  over  those  gei^ersil}y 
U9?^5  TviU  ]^  yeiy  evidfeat. 

I  have  ajr^dy  Qbs^rve4|  t^hat  in  globes  Q^punt^ 
11^  our  manner,  the  motion  pf  (he  terrei^tria}  glob^ 
about  its  a^iS|  r^^presents  thp  diurnal  motion  gf  (he 
earth,  and  that  the  horary  j^dex  wijil  ppini:  out  upon 
the  equator  the  24  hpufs  of  one  diurnal  rotation,  pr 
any  part  pf  that  time. 

J  shall  now  consider  the  broad  paper  circle  as  the 
jplane  which  distinguii^hes  ligl^t  from  d^iilpie^s  ;  that 
is,  the  e]:^lightened  half  of  the  earth's  s\ufaqe^  froifi 
that  which  is  not  enlightened* 
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For  wh<fW  the  Siin  shines  npon  a  globe,  he  Aihes 
mfy  npory  haff  of  it ;  tha*  J*,  one  half  of  <he  glofee'g 
surface  is'  ehligftfented  by  hitti,  the  oth^  not. 

That  the  enlightened  half  may  be  that  half  which 
is  above  the  broad  paper  circle,  we  must  imagine  the 
sun  to  be  in  our  zenith. 

Or,  let  a-  stm^  be  painfed  on  the  ceiling  over  the 
terrestrial  globe,  the  diameter  of  the  picture  equal 
to  the  diameter  of  the  globe. 

Then,  alt  thoS6"  j^laces  that  are  above  the  broad 
paper  circle,  will  h6  iii  the'  sutfd  fight ;  that  i^,  it  will 
Be  in  all  tho^e  pfa<^. 

Atid  all  places  that  are  below  this  circle,  will  be 
out  of  the  lintf  tf  lijgtit ;  that  is,  in  all  those  places  it 
will  be  nightl 

When  iny  place  on  the  earth's  siirfece  conies  to 
tfte  edge  of  tShe  broad  paper  circle,  passing  out  of  the 
shade  into  the  light,  the  sun  will  appear  rising  at 
<ha*plaice. 

And  \^hen  a  place  is  at  the  edge  of  Ae  broad 
paper  circle,  gding'  out  of  tiie  Hght  into  tlie  sh^e, 
the  sun  wifl!  appeatt',  ati  that  place,  to  lie  setting. 

When  we  view*  the  globe  in  this  position,  we  at 
<5tice  see  t^e  sitii^tidn  of  all  places  in  the  illuminated 
liemisphert,  whose  inhabitants  enjoy  the  light  6f  the 
day.  One  edge  of  the  broad  paper  circle  shews  at 
what'  place  the  ^uh  fkpjiears  rising  at'  the  same  time ; 
and  the  oppiosite  ed^  shews  at*  what'  jilace  the  sun 
i^  setting  at  the  ssitne  tihde. 

The  horary  intfei  shews  how  long  a  place  id  mov- 
ing front  6ne  edge  fb  ttte  other ;  that  is,  how  long  the 

p  3 
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day  or  lught  is  at  that  place ;  and,  consequently, 
when  the  globq  is  thus  situated,  yoli  readily  discover 
the  time  of  the  sun's  rising  and  setting,  on  any  given 
day,  in  any  place. 


TO   RECTIFY  THE  TERRESTRIAL   GLOBE. 

To  rectify  the  terrestrial  globe,  is  to  place  it  in 
the  same  position  in  which  our  earth  stands  to  the 
sun,  at  dl,  or  at  any  given  tiines. 

That  Jhalf  of  the  earth's  surface,  which  is  enlight- 
ened by  the  sun,  is  not  always  the  same ;  it  differs 
according  as  the  sun's  declination  differs. 

To  rectify,  then,  the  terrestrial  globe,  is  to  bring 
it  into  such  a  position,  as  that  the  enlightened  half 
of  tiie  earth's  sur&ce  may  be  all  above  the  broad 
paper  circle. 

On  the  back  side  of  the  strong  brass  meridian,  and 
on  each  side  of  the  north  pole,  the  months,  and  days 
oi  the  month,  are  graduated  in'  two  concentric 
spaces,  agreeable  to  the  declination  of  the  sun« 

Bring  the  day  of  the  month  t^at  Js  graduated  on 
the  Iiack  side  ot  the  strong  brass  meridian,  to  coin- 
cide with  the  broad  paper  circle,  and  the  globe  is 
rectified. 

Thus,  set  the  first  of  May  to  coincide,  with  the 
broad  paper  circle,  and  that  half  of  the  earth's  sur- 
face, which  is  enlightened  at  any  time  upon  that  day, 
will  be  all  at  opce  above  the  said  circle. 

If  the  horary  index  be  set  to  XII.:when  any  par- 
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ticular  place  is  brought  und^tiithe  strong  brass  meri- 
dian^ it  will  shew  the  precise  time  of  sun-arising  and  ' 
snn-setting  at  that  place,  according  as  that  place  is  ' 
brought  to  the  eastern  or  western  edge  of  the  broad.  • 
paper  circte*  •  '  . 

It  will  also  shew  how  1(h^  any  place  is  in  moving  ' 
from  the  east  to  the  west  side  of  the  illuminated  disc^^ 

and  thence  the  length  of  day  and  night. 

•  •       •  . 

'  It  will  also  point  out  the  length  of  the  •  twilight, 
by  shewing  thetiine  in  which  the  place  is  passing 
from  the  twilight  circle  to  the  edge  of  *  the  broad 
paper  circle  oii  the  western  side ;  or,  from  the  edge 
of  this  cirde  oa  the  eastern  side,  to  the  twilight ' 
wire,  and  thus  determine  the  length  of  the  whole ' 
artificial  day*  -  -      '. 

'  N.  B'.  The  twilight  wire  is  placed  at  18  d^ees ' 
from  the  broad  paper  circle. 

I  shall  now  proceed  to  exemplify,  upon  the  ^obes,  * 
these  particulars,  at  three. different  seasons^  of  the 
year,  viz.  the  smnmer  solstice,  the  winter  solstice, 
and  the  time  or  times  of  the  equinoxes. 

Problem  xiii.  To  place  the  globe  in  the  same 
situation,  with  respect  to  the  sun,  as  our  earth  is  in 
at  the  time  of  the  summer  solstice. 

Bectify  the  globe  to  the  extremity  of  the  division^ 
for  the  month  of  June,  or  23  i  degrees  north  decli- 
nation ;  that  is,  bring  these^  divisions  on  the  strong 
brass  meridian^  to  coincide  with  the  plane  of  the 
broad  paper  circle. 

P4 
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tJasit  pKKi  of  tb$!  earth's  sniface^  which  n 
ndcl^n  tite  jwrthem  polar  ckele^  wiU  be  above  the 
bro^  pap^  cirele^  md  will  be  in  the  jli^t^  wd  th?r 
inhsdt^itants  thereof  will  Haye  no  nigjht' 

But  all  that  space^  which  is  contained  .withki:  thfr 
smijj!iem  polar  citele^  will  contitiu^  in.  the  sha^; 
that  is^  it  wiU  thiere  be  continual  night. 

In  this  position  of  the  g]oije^  the  pupil  will  obsem 
hpyr  mMich  the  diurnal  arches  o£  the  paraUelsi  oC  lati- 
tude decnease^  as  they  ajre  npore  and  mcMre  distant 
firom  the  elevated  pole.      ,  .    ^ 

If  anj  place  be  brought  undec  thct  sXxibVif^htm 
meridian^  and  the  horary  index  is  Met  to  tibatXU 
which  is  most  elevated,  andthe  pkice  bejaft^Twaids 
brought  to  the  western  side  of  the  broad  papen  cinde,] 
the  hour,  index-  will  shew  the  time,  ^f  sim  wing; 
and  when  the  place  is  moved  to  the  eastern,  edge,  tbr 
inde3(.  points,  to  the  time  of .  sun*setting* 

The  length  of  the  day  is  obtained  by  the  tim0 
shemi  by  the  horary  index,. .  while  the  place  on  the 
globe  moves  from,  the  i^est  to>  the  east  udB  of  ^ 
broad  paper  circle. 

Thus,,  it  will  be  found,  that  at  London  the  sun 
rises  about  1 6  minutes  before  IV  in  the  morning, 
and  sets  about  1 6  minutes  after  VIIT  at  night. 

At  the  following  places,  it  will  be  hearty  at  the 

times  es:pif|ffedi  in  the  table* 
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Cape  Horn    .        .        •        • 
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We  also  see,  that  at  the  same  time  the  sun  is 
rising  at  London^  it  is  rising  at  the  isles  of  Sicilly  > 
and  Madagascar. 

And^  that  at  the  same  time  when  the  sun  sets  at 
Lendfon^  it  is  setting  at  the  island  of  Madeira^  and 
Cape  Horn- 

And^  when  the  sun  is  setting  at  th^  island  of 
Ebmeo,  in  the  East  Indies^  it  is  rising  at  Florida^ 
iii  America*  And  many  other  similar  circum* 
stances^  relative  to  other  placesy  are  seen^  as.  it  were, 
by  inspection* 


JRtOBiE»r  XIV,  To'  explain  the  situation  of  the 
earthy  with  respect  to  the  sim^  at  the  time  of  the 
tmnter  solstice* 

Rect^  tihe  globe  to  the  extremity  of  tbe^  division 
for  the  month  of!  December,  or  to  331  d^rees  south 
declination. 

When'  it  wilfr  br  kppMut  that  the  whiole  space 
i¥ttlfeiii  thd:80tttiKeni'  polar  circle  iir  in  tine  sun's  Ught^ 
ahdceigdyB  continual  day ;:  whilil:  that  of  tiia  northr 
empoiai) di^de:  i»  ilLthtu  Aade,  and.  kas  continual 
night. 
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If  the  globe  be  turned  rounds  as^  before^  the 
horary  index  will  shew  that^  at  the  several  places 
bejEbre-nientioned>  their  ditys  will  be  respectively 
equal  to  what  their  nights  were  at  the  time  of  the 
summer  solsticeL   ^ 

It  will  appear,  further,  that  it  is  now  sun*settiiig 
at  the  same  time  in  those  places  in  which  it  was 
iun-rising  at  the  same  time  at  the  sunmaer  solstice; 
and,  on  the  contrary,  sun-rising  at  the  time  it  then 
appeared  to  set. 

Problem  xy*  7b  place  the  glohein  the  situation 
of  the  earthy  at  the  times  of  the  equinox*  r 

The  sun  has  no  declination  at  the  times  of  the 
equinox  ;  consequently,  there  must  be  no  elevation 
of  the  pole. 

Brihg  the  day  of  the  month  when  the  sun  enters 
the  first  point  of  Aries,  or  day  of  the  month  when ', 
the  sun  enters  the  first  point  of  Libra,  to  the  plane 
of  tlie  ^road  paper  circle  j  then  the  two  poles  of  the 
globe  will  be  in  that ,  plane  also,  and  the  globe  will 
be  in  that  position,  which  is  called  a  r^bi  sphere* 

For  it  is  a  right  sphere  when  the  two  poles  are  in  . 
the  plane  of  the  broad  paper  circle,  bteauise  then  .all 
those  circles,  which  ar^  parallel  to  the  equator^  will* 
be  at  right  angles  to  that  plane* 
'  If  the  globe  be  now  turned  from  west  fo  east,  it 
lyill  plainly  appear,  that  all  places  upon  its  £ur&ce< 
are  twelve  hours  above  the  broad  paper  circle^  and 
twelve  bouts  below  it ;  that  is,  the  days  ^re  tvi^lve 
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hours  long  all  over  the  earth,  and  the  nights  are 
equal  to  the  days ;  whence,  these  times  are  called  the 
times  of  equinox* 

Two  of  these  occur  in  every  year ;  the  first  is  the 
autumnal^  the  second  the  vernal  equinox. 

At  these  seasons,  the  sun  appears  to  rise  at  the 
same  time,  to  all  places  that  are  on  the  same  meri-> 
dian.  The  sun  sets,  also>  at  the  same  time  in  all 
those  places. 

Thus,  if  London,^  and  Mundford,  on  the  Gold 
Coast,  be  brought  to  the  strong  brass  meridian,  the 
graduated  side  of  which  is,  in  this  case,  the  horary 
index,  and  they  be  afterwards  carried  to  the  western 
edge  of  the  bi^oad  paper  circle,  the  index  will  shew 
that  the  sun  rises  at  VI  at  both  places ;  when  thef 
are  carried  to  the  eastern  edge,  the- index  points  to 
VI  for  the  time  of  sun-setting. 

N.  B.  If  jLondon  be  not  the  given  place,  the  hdur 
index  is  to  be  set  to  the  most  elevated  XII,  while[ 
the  place  is  under  the  graduated  edge  of  the  strong 
brass  meridian. 

The  following  circumstances,  which  usually  attoid 
the  four  cardinal  divisions  of  the  year,  cannot  be 
better  introduced  than  at  this  place.  At  the  time 
of  the  equinoxes,  when  the  sun  passes  from  one 
hemisphere  into  the  other,  there  is  almost  constantly 
some  disturbance  in  the  weather ;  the  winds  are  then 
generally  higher :  at  the  vernal  equinox,  they  are, 
for  the  most  part,  easterly,  cold,  dry,  and  searching. 
Xlie  solstitial  point  of  the  summer  is  often  distin- 
guished by  violent  rains,  and  what  we  call  a  mid* 
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summer  flood.  The  whiter  being  l^ss  rainy  tiian- 
tiie  smntner^  nothing  particularly  happens  at  the 
winter  solstice,  but  that  the  frosts  cmniaonly  set  imi 
more  sevetety,  with  some  quantity  of  snow^  uj^n 
the  ground* 

Cnt  THE   ARTirrCIAL   OR   rtRREOTttlAt   HORIZON. 

The  brass  circle,  which  may  be  slipped  from  pok 
ty  pole  6n  the  moveable  meridian,  has  be6n  sir&dy 
deteribed^  The  circumference  of  it  is  divided  into 
eight  parts,  to  which  are  affixed  the  ii^ial  lettei^  ef 
tile  mariner's  compass. 

Wb^n  the  centre  ^  it  is  set  to  any  paiticiihf 
plai^,.the  situation  of  any  other  place  is  seen*  vnA 
respect  to  that  place ;  that  is,  whether  they  be  east| 
west,  north,  or  south  of  it. 

It  will>  therefore^  ref>re8ent  the  horilzbn  of  that 
place^ 

We  shall  here  u^  the  artificial  hoiisoii,  to  AtW 
why  the  sun,  although  he  be  always  in  one  andtlici 
^ame' plaice,  af^ars  to  the  inhabitants'  of  ttiie  earth 
•t  di&reat  altitudes^  and  in  different  aizimuths. 

« 

I^ROBLEM  XVI,  To  exemplify  the  sutHs  altitude^  as 
observed  with  an  artificial  horizon. 

Tlie  altitude  of  the  sun  is  greyer  or  le^,  accord- 
ing as  the  line  which  goes  fit)rnr  us  to  the  sun  'vi 
nearer  to,  or  farther  off,  from  our  horizon. 

Let  the  moveable  circle  be  applied  tb  any  place^ 
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as  Loncfon^  then  will  the  horizon  of  London  be 
tjbareby  represented. 

The  sun  is  supposed,  las  before,  to  be  in  the 
zenitli,  that  is,  directly  over  the  terrestrial  globe. 
'  Ify  then,  from  London,  a  line  go  vertically  up- 
wards,  the  sun  will  be  seen  at  London  in  tiiiat  fine. 

At  sun-rising,  when  London  is  brought  to  thm 
west  edge  of  the  broad  paper  circle,  the  supp<»8ed 
line  will  be  parallel  to  the  artificial  horizon,  and  the 
sun  will  then  be  seen  in  tlie  horizon. 

As  the  globe  is  gradually  turned  firom  the  west 
towards  the  east,  the  horizon  will  recede  from  that 
line  which  goes  fron^  London  vertically  upwat ds ;  so 
that  the  line  in  which  the  sun  is  seen  gets  for&er 
and  further  from  the  horizon }  that  is,  the  sun*s  alti* 
tude  increases  gradually. 

When  the  horizon,  and  the  line  which  goes  from 
London  vertically  upwards,  are  arrived  at  the  strong 
brass  meridian,  the  sun  is  then  at  his  greatest,  or 
meridian  altitude  for  that  day,  and  tiiie  line  and 
horizon  are  at  the  largest  angle  they  can  make  with 
each  other. 

After  this,  the  motion  of  the  globe  being  conti- 
nued, the  angl^  between  the  artificial  horizon  and 
the  line  which  goes  from  London  vertically  upwards 
continually  decreases^  until  London  arrives  at  the 
eastern  edge  of  the  broad  paper  circle ;  its  horizon 
then  becopi^  verti9al  stgain,  and  paraUel  to  the  line 
which  goes  vertically  upwards.  Ihe  sjin  will  again 
*^pear  in  th^  horizon,  and  will  set. 
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Problem  xvii.  Of  the  sutCs  meridian  altitude,  ai 

three  different  seasons. 

Rectify  the  globe  to  the  time  of  the  winter  solsticCi 
by  Problem  xiv^  and  place  the  centre  of  the  visible 
horizon  on  London* 

When  London  is  at  the  graduated  edge  of  the 
Btrong  brass  meridian^  the  line  which  goes  vertically 
upwards^  makes  an  angle  of  about  15  degrees;  tbii 
18  the  sun^s  meridian  altitude  at  that  season  to  the 
inhabitants  of  London. 

If  the  globe  be  rectified  to  the  times  of  equinox, 
by  Problem  xv^  the  horizon  will  be  farther  separated 
from  the  line  which  goes  vertically  upwards^  and 
makes  a  greater  angle  therewith^  it  being  about  38^ 
degrees ;  this  is  the  sun^s  meridian  altitude  at  the 
time  of  equinox  at  London. 

Again^  rectify  to  the  summer  solstice  by  Problem 
xiii,  and  you  will  find  the  artificial  horizon  recede 
farther  from  the  line  which  goes  from  London  ver- 
tically upwards^  and  the  angle  it  then  makes,  is  about 
62  d^rees,  which  shews  the  9un*s  meridian  altitude 
at  the  time  of  the  summer  solstice. 

Hence^  flows  also  the  following  arithmetical  pro- 
blem. 


Problem  xviii.     To  find  the  meridian,  altitude 

universally. 

Add  the  sun*s  declination  to  the  elevation  of  the 
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eqtiator^  if  the  latitade  of  the  place^  and  the  dedma- 
tion  of  the  sun,  are  both  on  the  same  side. 

If  on  contraiy  sides^  subtract  the  declination  from 
the  elevaticm  of  the  equator^  and  you  obtain  the  sun^s 
meridian  altitude* 

Thm,  the  devation  of  the  equator  at  Lon-    o 

don  u  •  ^  *  «  •  -38  88 
The  sun's  declination  on  the  20th  of  May    20      8 


Their  sum^  the  sun's  meridian  altitude  that 
day  -  58     36 


Again^  to  the  elevation  of  the  equator  at   • 
London      *        -        -        *        -        -  38     38 

Add  the  sun's  greatest  declination  at  the 
time  of  the  summer  solstice  -        *  S3     39 


The  sum  is  the  sun'«  greatest  meridian  alti- 

.  titude  at  London  -        •         -        -  6l     67 

Problem  xix.  Of  the  sun^s  azimuths,  as  compared 

with  the  artificial  horizorL 

The  artificial  horizon  serves,  also^  to  determine  the 
sun's  azimuths. 

An  azimuth  of  the  sun  is  denominated  from  that 
^  point  of  the  horizon,  to  which  the  sun^  or  a  line 
going  to  the  sun,  is  nearest- 

Thus,  if  the  sun^  or  a  line  going  to  the  sun,  be 
nearest  the  south-ea^st  point  of  the  horizon,  which 
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pekit  is  4S  degrees  distant  from  the  -meridian^  the 
sun's  azimuth  is  an  azimtith  of  45  d^rees^  and  the 
sun  will  appear  in  the  south-east. 

imagine  the  9an>  as  we  iMve  done  before^  to  be 
placed  directly  over  the  globe. 

In  which  case,  a  line  going  to  the  sun  from  auy 
place  on  the  surface  of  the  globe,  will  have  ;si  verti- 
cal direction^  and  will  go  from  that  place  vertically 
npwards. 

If,  then,  we  apply  the  artificial  horizon  to  any 
place,  the  point  ,of  this  horizon,  to  which  a  ver- 
tical lin,e  is  nearest,  shews  the  sun's  azimuth  at  that 
time. 

It  is  observable,  that  the  point  of  the  horizon,  to 
which  such  a  vertical  line  is  nearest,  will  be,  at  all 
times,  that  point  which  is  most  elevated. 

To  exemplify  this,  let  the  globe  be  in  the  position 
of  a  right  sphere,  Sind  let  the  artificial  horizon  be 
applied  to  London. 

When  London  is  at  the  western  edoje  of  the  broad 
paper  circle,  which  situation  represents  the  time 
when  the  sun  appears  to  rise,  the  eastern  point  of 
the  artificial  horizon  being  then  most  elevated,  shews 
that  the  sun  at  his  risinc^  is  due  east. 

Turn  the  globe,  till  London  comes  to  the  eastern 
edge  of  the  broad  paper  circle,  then  the  western 
point  of  the  artificial  horizon  will  be  most  elevated, 
shewing  that  the  sun  sets  due  west. 

Now,  place  the  globe  in  the  position  of  an  oblique 
sphere ;  and,  if  London  be  brought  to  the  eastern 
i;>r  western  side  of  the  broad  paper  circle^  the  ver- 
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tied  line  will  depart^  more  or  less^  from  the  east  and 
west  points ;  in  which  case^  the  sun  is  said  to  have 
Inore  or  less  amplitude. 

If  the  departure  be  northward^  it  is  called  northern, 
amplitude ;  if  southern^  it  is  called  southern  ampli- 
tudie. 

In  whatever  position  the  globe  be  placed*,  when 
London  comes  to  the  strong  brass  meridian,  the  most 
elevated  part  of  the  artificial  horizon  will  be  the  south 
point  of  it. 

Which  shews  that  at  noon  the  sun  will  always,  and 
in  all  seasons,  appear  in  the  south. 


OF  THE  ANCIENT  DIVISIONS   OF  THE    EARTH   INTO 

ZONES   AND   CLIMATES. 

Climates  was  a  term  used  by  the  ancient  astro- 
nomers to  express,  a  division  of  the  earth,  which, 
before  the  marking  down  the  latitudes  of  countries 
into  degrees  and  minutes  was  in  use,  served  them 
for  dividing  the  earth  into  certain  portions  in  the 
same  direction ;  so  as  to  speak  of  any  particular 
place  with  some  degree  of  certainty,  though  not  with 
due  precision. 

It  was  natural  for  the  earliest  observers  to  remark, 
for  one  of  the  first  things,  the  diversity  that'  there 
was  in  the  sun's  rising  and  setting;  it  was  by  this 

*  The  globe  is  not  supposed  in  this  case,  or  under  this  vie^  of 
things,  erer  io  b«  elerated  above  the  limits  of  the  siia's  delU 
neation. 
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they  r^ulated  what  they  oalled  climates;  which 
are  a  tract  on  the  aur&ce  of  the  earth  of  various 
breadths,  being  regulated  by  the  different  lei^hft 
of  time  between  the  rising  and  setting  of  the  $uq  in 
the  longest  day,  in  different  places* 

From  the  equator  to  the  latitude  of  66i  north  and 
south,  a  climate  is  constituted  by  the  di^p^ncq  of 
half  an  hour  in  the  length  of  the  Icmgest  day ;  and 
this  is  sufficient  for  understanding  the  ancients.  Be- 
tween the  polar  circle  and  the  pole,  the  length  of  the 
longest  day,  in  one  parallel,  exceiods  the  length  of 
the  longest  in  the  next  by  a  month ;  but  of  these 
the  ancients  knew  nothing. 
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CIRCLES. 
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Therefore^  to  discover  to  what  climate  a  place  is^ 
whose  latitude  does  not  exceed  QQi  degrees^  find 
tiie  length  of  the  longest  day  in  that  place^  and 
subtracting  twelve  hours  from  that  lengthy  the  num* 
ber  of  half  hours  in  the  remainder  will  specify  the 
climate.  ^ 


Problem  xx.    To  Jmd  the  limits  of  the  climate^. 

Elevate  the  north  pole  to  23"*  28',  the  sun's  de- 
clination on  the  longest  day ;  and  turn  the  globe 
easterly  till  the  intersection  of  the  meridian  with  the 
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equator  that  passes  thy>ugh  Libra  comes  t6  tbe 
horizon,  and  the  hour  of  VI  will  then  be  under  the 
meridian,  which  in  this  problem  is  the  hour  index^ 
because  the  sun  sets  this  day  at  places  on  the  equa- 
tor  as  it  does  every  day  at  VI  o'clock.  Now  turn 
the  globe  easterly,  till  the  time  under  the  meridian 
is  1 5  min.  past  VI,  and  you  will  find  that  8®  34' 
of  that  graduated  meridian  is  "cut  by  the  horizon; 
this  is  the  beginning  of  the  second  climate ;  and 
the  limits  of  all  the  dimates  may  be  determined, 
by  bringing  successively  the  time  equal  to  half  the 
length  of  the  longest  day  under  the  meridian,  and 
observing  the  degree  of  the  graduated  meridian  cut 
by  the  horizon. 

ZONES. 

Zones  is  another  division  of  the  earth's  surface, 
used  by  the  ancients :  that  p^rt  which  the  sun  passes 
over  iA  a  year,  comprehending  23^-  degrees  t)n 
each  side  the  equator,  was  called  by  the  ancients 
the  torrid  zone.  The  two  frigid  zone$  are  con- 
tained between  the  polar  circles.  Between  the 
torrid  and  the  two  frigid  zones  are  contained  tlie 
two  temperate  ones,  each  being  about  43 ,  degrees 
broad. 

The  latitude  of  a  place  .being  the  mark  of  its  posi- 
tion with  respect  to  the  sun,  may  be  considered  as  a 
gciieral  index  to  the  teniperature  of  the  clima^ :  it  is, 
however,  liable  ^to  very  great  exceptions;  but todeny 
it  absolutely,  would  be  to  deny  that  the  sun  is  the 
source  of  light  and  hcjat  below. 
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Nothing  can  be  more  hideous  or  mournful  than 
the  pictures  which  travelled  present  us  of  the  polar 
r^ions.    The  seas,  surrounding  inhospitable  coasts, 
ape  covered  withislands  of  ice,  that  have  been  increas- 
ing for  many  centuries :  some  of  these  islands  are 
immersed  six  hundred  feet  under  the  surface  of  the 
sea,  and  yet  often  rear  up  also  their  icy  heads  more 
than  one  hundred  fiBj^t  above  its  level,  and  are  three 
or  four  miles  in  circumference.     The  following  ac- 
count will  give  some  idea  of  the  scenery  produced 
by  arctic  weather.     At  Smearingborough  Harbour^ 
within  fifteen  -degrees  of  the  pole,  the  country  is 
full  of  mountains,  precipices,  and  rocks ;  these  are 
covered  with  ice  and  snow.  '  In  the  vallies  are  hills 
of  ice,  \yhich    seem  daily  to  accumulate.     These 
hills  assume  many  strange  and  fantastic  appearances ; 
some  looking  like  (lurches  or  castles,  ruins,  ships 
ia  full  sail,  whaljes,  mobsters,  and  aU  tlie  various 
forms  that  fill  the  universe,     There   are   seven  of 
these  ice-hilU,  whiph  are  the  highest  in  the  coun- 
try.   Wheji  the  air  i3  cjear,  and  the  light  shines  full 
upon  thfioi,  the  prospect  13  inconpeivably  brilliant ; 
the  sun.  is  reflected  from  them  as  from  glass ;  some- 
tiiQes  they  app^r  of  a  bright  hue,  like  sapphire  ; 
sometini^s   variegated  v^ith    all  the  glories  of  the 
prismatic  colours,  exceeding  in  the  magnitude  of 
lustre  and  beauty  pf  colour  the  richest  gems  in  the 
world,  (disposed  in  shapes  wonderfiil  to  behold,  daz- 
zling the  eye  with  the  brilliancy  of  its  splendour. 
At  SpitsbeigfBu,   within   ten   degrees  of  the  pole, 
the  earth  is  locked  up  in  the  ice  till  the  middle 
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of  May ;  in  the  beginning  of  July  the  plants  are 
.    in  flower,  and  perfect'  their  seeds  in  a  month's 
time :  for,  though  the  sun  is  much  more  oblique 
pi  the  higher  latitudes,  than  with  us,  his  long  con<- 
tinuance  above  the  horizon  is  attended  with  an  ac- 
f    cumulation  of  heat  exceeding  that  of  many  places 
under  the  torrid  zone ;  and  there  is  reason  to  sup- 
pose, that  the  rays  of  the  sun,  at  any  given  altitude, 
produce  greater  degrees  of  heat  in  the  conctensed  air 
of  the  polar  regions,  than  in  the  thinner  air  of  thii 
climate. 

Yet,  if  we  look  for  beat,  and  the  remarkable  ef- 
fects of  it,  we  must  go  to  the  countries  near  the 
equator,  where  we  shall  find  a  sceniery  totally  dif- 
ferent from  that  of  the  ^frigid  zo^.     Here  all  things 
are  upon  a  larger  scale  than '  in  the  temperate  cli- 
mates :  their  days  are  bttrhing  hot  5   in  some  prts 
their  nights  are  piercing  cold;  their  rains  lasting 
and  impetuous,  like  torrents ;  their  dews  excessive  j 
their  thunder  and  lightening  more  frequent,  t^rribki 
and  dangerous ;  the  heat  bttr^s  up  the  lighter  soil, 
and  foams  it  into  a  sandy  desert,  while  it  quickens  all 
the  moister  tracts  with  incredible  vegetation. 

The  ancients  supposed  that  the  frigid  zone  was 
uninhabitable  from  cold,  and  the  torrid  from  the 
intolerable  heat  of  the  sun;  we  now,  however, 
know  that  both  are  inhabited.  The  sentiments  of 
the  ancients,  therefore,  in  this  respect,  are  a  prodF 
how  inadequate  the  faculties  of  the  human  mind 
are  to  discussions  of  thjs  nature,  when  unassisted  by 
facts. 


[    2*7    ] 


or  THIE  ANCIENT  DISTINCTION  OF  PLACES  BY  THE 
DIVERSITY  OF  SHADOWS  OF  UPRIGHT  BODIES  AT 
NOON. 

When  the  sun  at  noon  is  in  the  zenith  of  any 
place^  the  inhabitants  of  that  place  were  by  the  an- 
cients called  asciiy  that  is^  without  shadow  :  for  the 
shadow  of  a  man  standing  upright^  when  the  sun  is 
directly  over  his  head^  is  not  extended  beyond  that 
part  erf  the  earth  which  is  directly  under  his  body, 
and  therefore  will  not  be  visible. 

As  the  shadow  of  every  opske  body  is  extended 
from  the  sun,  it  follows,  that  when  the  sun  at  noon 
is  southward  from  the  zenith  of  any  place,  the 
shadow  of  an  inhabitant  of  that  place,  and  indeed 
of  any  othar  opake  body,  is  extended  towards  the 
»orth. 

But  when  the  sun  is  northward  from  the  zenith  of 
any  plaee,  the  shadow  falls  towards  the  south. 

Those  arfs  called  amphiscii,  that  have  both  kinds  of 
meridian  shadows. 

Those,  whose  meridian  shadows  sre  always  pro* 
jected  one  way,  are  termed  heterosdi. 

Problem*  xxi.     To  illttetrate  the  distinction  of  asciig 
amphiscii,  heteroscii^  and  periscii^  by  the  globe. 

Rectify  the  globe  to  the  summer  solstice,  and  move 
the  artificial  horizon'  to  the  equator,,  the  north  point 
will  be  the  most  elevated  at  n6oiu 
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.  Which  shews^  that  to  those  inhabitants  who  live 
at  the  equator^  the  sufi  will  at  this  season  appear  tp 
the  north  at  noon,  and  their  shadow  will  therefoFe  be 
projected  southwards. 

But  if  you  rectify  the  globe  to  the  winter  solsticCi 
the  south  point  being  then  the  uppermost  poiixt  at 
noon,  the  same  persons  will  at  noon  have  thte  sun 
on  the  south  side  of  them,  and  will  project  their 
shadows  northwards. 

Thus  they  are  artiphiscii,  projecting  their  shade 
both  ways ;  which  is  the  case  of  all  the  inhabitants 
within  the  tropics. 

The  artificial  horizon  remaining  as  before^  rectify 
the  globe  to  the  times  of  the  equinox,  and  you  will 
find  th^t  when  this  hprizon  is  under  the  strong  brass 
meridian,  a  line  going  vertically  upvyarcls  will  be  per* 
pendicular  to  it,  and  consequently  the'  suil  will  b6 
dir<ectly  over  the  heads  of  the  inhal^itants,  and  they 
will  be  ascii,  having  no  noon  shade ;  their  shadow  is 
iii  the  morning  projected  dire<^tly  westward,  in  the 
evening  directly  eastward.         ^ 

The  same  thing  will  also  happen  to  all  the  inha- 
bitants who  live  between  the  tropics  of  Cancer  and 
Capricorn;  so  that  they  are  not  only  ascii,  butamr 
phiscii  also. 

Those  who'  live  without  the  tropics  are  heteroscii ; 
those  in  north  latitude  hav^  the  noon  shade  alwap 
directed  to  the  north,  while  tho$e  in  south  latitude 
have  it  always  projected  to  the  south. 

The  inhabitants  of  the  polar  circles  are  called />emr 
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m;  because,  as  the  sun  goes  round  them  continually, 
jtbeir  shade  goes  round  them  likewise. 


OF  ANCIENT   piSTINCnONS    FROM   'SITUATIONS. 

These  terms  being  often  mentioned  by  ancient  geo- 
graphical writers  to  express  the  difierent.situation  of 
j)art3  of  th^  globe,  by  the  relation  which  the  several 
inhabitants  bore  to  one  another,  it  will  be  necessaiy 
to  take  some  notice  of  them. 

Th?  g/ntcpci  are  two  nations  which  are.  in  or  near 
ihe  same  meri.di^n ;  the  ope  in  north,  the  other  in 
.9outh  Ijaititudp.. 

They  have  -therefore  the  same  longitude  but  not 
the  same  latitude :  opposite  seasons  of  the  year,  but  ^ 
the  same  hour  of  the  year ;  the  days  of  the  one  are 
eqnaf  to  the  nights  of  the  other,  and  vice  4)ersa, 
when  the  days  of  the  one  are  at  the  longest,  they  are 
^shortest  at  the  other. 

When  they  look  towards  each  other,  the  sun  seems 
to  rise  on  the  right-hand  of  the  one,  but  on  the  left 
of  the  other.  They  have  different  poles  elevated ; 
and  the  stars  that  never  set  to  the  one,  are  never  seen 
by  the  other. 

Periceci  are  also  two  opposite  nations,  situated  on 
the  same  parallel  of  latitude. 

They  have  therefore  the  same  latitude,  but  differ 
)80  degrees  in  longitude;  the  same  seasons  of  the 
year,  but  opposite  hours  of  the  day ;.  for  when  it  is 
twelve  at  night  to  the  one^  it  is  t\velve  at  nooq  with 
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the  other.    On  the  equinoctial  days^  the  son  is  tisitig 
to  one,  when  it  is  setting  to  the  other. 

Antipodes  are  two  nations  diametrically  opposite, 
which  have  opposite  seasons  and  latitude^  opposite 
hours  and  longitude. 

The  sun  ^nd  stars  rise  to  the  one,  when  they  set 
to  the  other,  and  that  during  the  whole  year,  for 
they  have  the  same  horizon. 

The  day  of  the  one  is  the  night  of  the  other ;  and 
Mrhen  the  day  is  longest  with  the  one,  the  other 
has  its  shortest  day. 

They  have  contrary  seasons  at  the  same  time ;  dif- 
ferent poles,  but  equally  elevated ;  and  those  stars 
that  are  always  above  the  horizon  of  one,  are  always 
under  the  horizon  of  the  other. 


Problem  xxii.     To  find  the  Anfceci,the  Pericsctf 

and  the  Antipodes  ofanypiace. 

•  •  • . 

Bring  the  given  place  to  the  strong  brass  meridian, 

then  in  the  opposite  hemisphere,  and  under  the  same 

degree   of  latitude  with  the  given  place,  you  will 

find  the  Antoeci. 

The  given  place  remaining  under  the  ^meridian,  set 
the  horary  index  to  XII ;  then  turnjthe  globe,  till  the 
other  XII  is  under  the  index,  then  you  will  find  the 
Perioeci  under  the  same  degree  of  latitude  with,  the 
given  place. 

Thus  the  inhabitants  of  the  south  part  of  Chili  are 
Antoeci  to  the  people  of  New  jBnglaiuly  whose  Per 
rioeci  are  those  Tartars  who  dwell  on  the  north  bor- 
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<fers  of  China,  which  Tartars  have  the  said  inhabi- 
tants of  Chili  for  their  Antipodes. 

This  will  become  evident,  by  placing  the  olobe 
in  the  position  of  a  right  sphere,  and  bringing  those 
nations  to  the  edge  of  the  broad  paper  circle. 


Problem  xx:in.  The  day  of  the  month  being  given^ 
to  find  all  those  places  on  the  globe,  over  whose 
zenith  the  sun  will  pass  on  that  day. 

Rectify  the  terrestrial  globe,  by  bringing  the  given 
day  of  the  month  on  the  back  side  of  the  strong 
brass  nieridian,  to  coincide  with  the  plane  of  the 
broad  paper  circle :  observe  the  number  of  degrees 
of  the  brass  meridian,  which  corresponds  to  the 
given  day  of  the  month. 

This  number  of  degrees,  counted  from  the 
equator  on  the  strong  brass  meridian,  towards  the 
devated  pole,  is  the  point  over  which  the  sun  is 
vertical ;  and  all  those  places,  which  pass  under 
this  point,  have  the  sun  directly  vertical  on  the 
given  day. 

Example.  Bring  the  11th  of  May  to  coincide 
with  the  plane  of  the  broad  paper  circle^  and  the  said 
plane  will  cut  eighteen  degrees  for  the  elevation  of 
the  pole,  which  is  equal  to  the  sun's  declination  for 
that  day,  which  being  counted  on  the  strong  brass 
meridian  towards  the  elevated  pole,  is  the  point  over 
which  the  sun  will  be  vertical ;  and  all  places  that 
are  under  this  degree,  will  have  the  sun  on  their 
z^]>it^  on  tlje  lltl^  of  May, 
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Hence^  when  the  sun's  declinatioa  is^  ^ual  to 
the  latitude  of  any  place  in  the  torrid  zone,  thf 
9im  will  be  vertical  to  those  inhabitants  that  day ; 
which  furnishes  us  with  another  method  of  salving 
thi?  problem. 


or  PROBLEMS   PECULIAR  TQ   THE   9USC. 

Problem  xy^y,    Tpj^nd  the  sun's  place  on  the  broad 

paper  circle. 

Consider  whether  the  yipar  in  which  you  seek  th? 
sun^s  place  is  biss^xtile^  pr  whether  it  is  the  first, 
lecond  or  third  year  after. 

If  it  be  the  first  year  after  bissextile,  those  divisions 
'  to  which  the  numbers  for  the  days  of  the  months 
are  affixed,  fire  the  divisions  which  are  to  be  taken 
for  the  respective  days  of  each  month  of  that  year  at 
noon ;  opposite  to  which,  in  the  circle  of  twelve  signs, 
is  the  sun*s  place. 

If  it  be  the  secpnd  year  after  bissextile,  the  first 
quarter  of  a  day  backwards  or  towards  the  left-hand,  is 

the  day  of  the  mQnth  for  that  year,  against  which,  as 

^'       '     •    '  .     ■         •• ' ' 

before,  is  the  sun's  place, 

•  '•        "'''«.  '      .         .    ■  '■    •• 

If  it  be  the  third  year  after  bissextile,  then  three 

quarters   of  a  day    backwards  is   the  day  of  the 

month  for  that  year,  opposite  to  which  is  the  sign's 

place. 

If  the  year  in  which  you  seek  the  sun*s  place  be 

bissextile,  then  three  quarters  of  a  day  backwards 

is  the  day  of  the  month  from  the  1st  of  January  to 
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the  28th  of  February  inclusive.  The  intercalary, 
or  29th  day,  is  three-fourths  of  a  day  to  the  Irfl- 
hand  from  the  1st  of  March,  and  the  1st  of  March 
itself  one  quarter  of  a  day  forward,  from  the  divi- 
sion marked  one ;  and  so  for  every  day  in  the  re- 
maining part  of  the  leap  year ;  and  opposite  to  these 
divisions  is  the  sun^s  place. 

In  tfiis  manner  the  intercalary  day  is  Very  well  in- 
troduced every  fourth  year  into  the  calendar,  and  the 
sun's  place  very  nearly  obtained,  according  to  the 


Julian  reckoning. 

x 

, 

Thus^ 

^ 

A.  D. 

Sun< 

's  place* 

Apr.  25. 

1788     Bissextile 

- 

b 

5^  35' 

1789     Fitst  year  after 

- 

« 

5    21 

1790    V  Second 

- 

« 

5      6 

• 

1791     Third    -         .         . 

- 

« 

4    55 

Upon  my  feither's  globes  there  are  twcnfy-three 
parallels,  drawn  at  the  distance  of  one  degree  from 
each  other  on  both  sides  the  equator,  which,  with 
two  other  parallels  at  231^  degrees  distance  include 
the  ecliptic  circle. 

The  two  outermost  circles  are  called  the  tropics ; 
that  on  tlie  northlside  the  equator  is  called  the  tropic 
of  Cancer;  that  which   is  on  the  south  side,  the' 
tropic  of  Capricorn. 

Now  as  the  ecliptic  is  inclined  to  the  equator,  in 
>n  angle  of  23  4-  degrees,  and  ia^  included  between 
th^  tropics,  every  parallel  between  these  piust  cross 
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the  ecliptic  ii^  two  pointSi  which  two  points  shew 
the  sun's  plac^  when  he  is  vertical  to  the  inhabitants 
of  that  parallel ;  and  the  days  of  the  month  upon 
the  broad  paper  circle  answering  to  those  points  of 
the  ecliptic^  are  the  days  on  which  the  sun  passes 
directly  over  their  heads  at  hoon^  and  which  are 
sometimes  called  their  two  midsummer  days* 

It  i^  usual  to  call  the  sun's  diurnal  paths  parallels 
to  the  equator^  which  are  therefore  aptly  represented 
by  the  above-mentioned  parallel  circles ;  though  his 
path  is  properly  a  spiral  line,  which  he  is  continually 
describing  all  the  year,  appearing  to  move  daily  about 
a  degree  on  the  ecliptic. 


Problem  xxv.  To  find  the  surCs  declination, 
and  thence  the  parallel  of  ^latitude  corresponding 
thereto. 

Find  the  sun's  place  for  the  given  day  in  the 
broad  paper  circle,  by  the  preceding,  problem,  arid 
seek  that  place  in  the  ecliptic  line  upon  the  glol)e; 
this  will  shew  the  parallel  of  the  sun's  declination 
among  the  above-mentioned  dotted  linei^,  which  is 
a|so  the  corresponding  parallel  of  latitude ;  there- 
fore all  those  places,  through  which  this  parallel 
passes,  have  the  sun  in  their  zenith  at  noon  on  the 
given  day. 

Thus  on  the  23d  of  May  the  sun's  declination  will 
be  about  30  deg.  10  min. ;  and  upon  the  23d  o^  Au- 
gust it  will  be  1 1  deg.  13  min.     What  has  been  said 
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in  the  first  part  of  this  problem^  will  lead  the  reader 
to  the  solution  of  the  following. 

Problem  xxvi*  To  Jini  the  two  days  on  which 
the  sun  is  in  the  zenith  of  any  given  place  thai  is 
dtuated  between  the  two  tropics. 

Hiat  parallel  of  declination^  which  passes  tiirough 
the  given  place^  will  cut  the  ecliptic  line  upon  the 
globe  in  two  points^  which  denote  the  sun's  place^ 
against  which^  on  the  broad  paper  circle,  are  the  days 
and  months  required.  Thus  the  sun  is  vertical  at 
Barbadoes  April  24,  and  August  1 8« 

PROBJLEM  XXVII.  The  day  and  hour  at  anyplace 
in  the  torrid  zone  being  given,  to  find  where  the  swi 
is  vertical  at  that  time. 

Rectify  the  globe  to  the  day  of  the  months  and 
you  have  the  sun's  declination;  bring  the  given 
place  to  the  meridian,  and  set  the  hour  index  to 
XII ;  turn  the  globe  till  the  index  points  to  the 
given  hour  on  th<&  equator ;  then  will  the  place  be 
imder  the  degree  of  the  declination  previously  found. 

Let  the  given  place  be  London^  and  time  the 
11th  day  of  May,  at  four  min.  past  five  in  the  af- 
ternoon ;  bring  the  11  th  of  May  to  coincide  with 
the  brood  paper  circle,  and  opposite  to  it  you  will 
find  18  degrees  of  north  declination;  as  London 
is  the  given  place,  yxm  have  only  to  turn  v  the  globe 
till  4  min.  past  V  westward,  if  it  is  on  the  meridian^ 


356  Tikobh^Ms* 

when  you  will  find  Port  Royal,  in  Jamaica^  under  th» 
1 8th  degree  of  the  meridian,  which  is  the  place  ^hcre 
the  sun  is  vertical  at  that  time* 


Problem  xxviit.  The  time  of  the  day  at  any 
one  place  being  given,  to^nd  all  those  places  where 
at  the  same  instant  the  sun  is  rising,  setting,  and  on 
tke  nieridiany  and  where  he  is  vei^ical;  likewise  those 
places  where  it  is  midnight,  twilight,and  dari night; 
as  well  as  those  places  in  which  the  twilight  is  begin- 
ning and  ending ;  and  also  tojind  th^  sutis  altitude 
at  any  hour  in  the  illuminated^  and  his  depression  in 
the  obscure,  hemisphere. 

Rectify  the  globe  to  the  day  of  tjie  month,  on  the 
Iback  side  of  the  strong  brass  meridian,  and  the  sun  s 
declination  for  that  day ;  bring  the  given  plac^  to 
the  strong  brass  meridian,  and  set  the  horary  index 
foXII  upon  the  equator;  turn  the  globe  from  west 
to  east,  until  the  horary  index  points  to  the  given 
time*    Then, 

An  those  places,  which  lie  in  the  plane  of  the 
western  side  of  tlie  broad  paper  circle,  see  the  sun 
rising,  and  at  the  same  time  those  on  the  eastern  side 
of  it  see  him  setting. 

It  is  noon  to  all  the  inhabitants  of  those  places 
under  the  upper' half  of  the  graduated  side  of  the 
strong  brass  meridian,  whilst  at  the  sametime  those 
under  the  lower  half  have  midnight. 

All  those  places  which  are  between  the  upper  sur- 
fece  of  the  broad  paper  circle,  and  the  wire  circle 
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under  it^  are  in  the  twilight,  which  b^ns  to  all  those 
plaees  on  the  western  side  that  are  immediately  under 
the  wire  cirde ;  it  ends  at  all  those  which  are  in  the 
plane  of  the  paper  circle. 

The  contrary  happens  on  the  eastern  side ;  the 
twilight  is  just  banning  to  those  places  in  which  thf 
sun  is  setting,^and  its  «nd  is  at  the  place  just  under 
the  wire  circle. 

And  those  places  which  are  under  the  twilight 
wire  circle  have  dark  nighty  unless  the  moon  is  fa- 
vourable to  them. 

All  places  in  the  illuminated  hemisphere  have  the 
sun's  altitude  equal  to  their  distance  from  the  edge 
of  the  enlightened  disc,  which  is  known  by  fixing  the 
quadrant  of  altitude  to  the  zenith,  and  laying  its  gra* 
duated  edge  over  any  particular  place. 

The  sun*s  depression  is  obtained  in  the  same 
manner  bv  fixing  the  centre  of  the  quadrant  at  the 
liadin 


Problem  kxix.  To  find  all  tJiose  places  within 
the  polar  circles  on  which  the  sun  begins  to  shine, 
the  time  he  shinei  constantly,  when  he  begins  to  dis^ 
appear,  the  length  of  his  absence,  as  welt  as  the  first 
and  last  day  of  his  appearance  to  those  inhabitants  ; 
the  day^  of  the  month,  or  latitude  of  tjie  place  being 

Bring  the  given  day  of  the  month  on  the  back 
Side  of  the  strong  brass  meridian  to  the  plane  of  the 
broad  paper  circle ;  the  sun  is  just  then  beginning 
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to  shine  on  all  those  places  which  are  in  the  paralld 
that  jost  touches  the  edge  of.  the  broad  paper  circle, 
and  will  for  several  days  seem  to  skim  all  aroand, 
and  but  a  little  above  their  horizon^  just  as  it  appears 
to  us  at  its  setting ;  but  with  this  observable  difier- 
^nce,  that  whereas  our  setting-sun  appears  in  one 
part  of  the  horizon  only,  by  them  it  is  seen  in  every 
part  thereof;  from  west  to  south,  thence  east  to  north, 
and  so  to  west  again. 

Or  if  the  latitude  be  given,  elevate  the  globe  to 
that  latitude,  and  on  the  back  of  the  strong  brass 
meridian,  opposite  to  the  latitude,  you  obtain  the  day 
of  the  month ;  then  all  the  other  requisites  are  an- 
swered as  above. 

As  the  two  concentric  spaces,  which  contain  the 
days  of  the  month  on  the  back  side  of  the  strong 
brass  meridian,  are  graduated  to  shew  the  opposite 
days  of  the  year,  at  1 80  degrees  distance ;  when  the 
given  day  is  brought  to  coincide  with  the  broad 
paper  circle,  it  shews  when  the  sun  begins  to  shine 
On  that  parallel,  which  is  the  first  day  of  its  appear- 
ance above  the  horizon  of  that  parallel. 

And  the  plane  of  the  broad  paper  circle  cuts 
the  day  of  the  month  on  the  opposite  concentric 
space,  when  the  sun  begiias  to  disappear  to  those  in- 
habitants. 

The  lerigth  of  the  longest  day.  is  obtained  by  rec- 
koning the  number  of  days  between  the  two  opposite 
days  fputid  as  above,  and  their  difference  from  365 
jgives  the  length  of  their  longest  night. 
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Paobu^m  XXX.  To  make  use  of  the  globe  as  a 
tellurian,  or  that  kind  of  orrery  which  is  chiefly  in- 
tended to  illustrate  the  phenomena  that  arise  from 
the  annual  and  diurnal  motions  of  the  earth. 


a  circle  with  chalk  upon  the  floor^  as 
large  as  the  room  will  admit  of^  so  that  the  globe 
may  be  moved  round  upon  it;  divide  this  circle 
into  twelve  parts^  and  mark  them  with  the  charac«- 
ters  of  the  twelve  signs^  as  they  are  engraved  upon 
the  broad  paper  circle ;  placing  25  at  the  north,  Vf 
at  the  south,  y  in  the  east,  and  €h,  in  the  west :  the 
mariner's  compass  under  the  globe  will  direct  the 
Mtuation  of  these  points,  if  the  variation  of  the  mag« 
netic  needle  be  attended  to. 

NotCm  At  London  the  variation  is  now  23  degrees 
from  the  north-westward. 

Elevate  the  north  pole  of  the  globe,  so  that  6&\ 
degrees  on  the  strong  brass  meridian  may  coincide 
with  the  surface  of  the  broad  paper  circle,  and  this 
circle  will  then  represent  the  plane  of  the  ecliptic,  or 
a  plane  coinciding  with  the  earth's  orbit* 

Set  a  small  table^  or  a  stool,  over  the  centre  of 
the  chalk  circle,  to  represent  the  sun,  and  place 
the  terrestrial  globe  upon  its  circumference  over  the 
point  marked  VJ,  with  the  north  pole  lacing  the 
imaginary  sun,  and  the  north  end  of  the  needle  point- 
ing to  the  variation ;  and  the  globe  will  be  in  the  po- 
sition of  the^arth  with  respect  to  the  sun  at  the  time 
^  the  summer  solstice^  about  the  3 1  st  of  June ;  and 
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the  earth's  axis^  by  this  rectification  of  the  globe^  is 
inclined  to  the  plajie  of  the  large  chalked  qirdei  as 
well  as  to  the  plane  of  the  broad  paper  circle^  in  aa 
angle  of  661  degrees;  a  line,  or  string,  passing 
from  the  centre  of  the  imaginary  sun  to  that  of  the 
globcj  will  represent  a  central  solar  ray  connecting 
the  centres  of  the  earth  and  sun  $  this  ray  will  Ml 
upon  the  first  poipt  of  Cancer,  .and  describe  that 
circle,  shewing  it  to  be  the  sun's  place  upon  the  ter- 
restrial ecliptic,  which  is  the  sapie  as  if  the  snii^s 
place,  by  extending  the  string,  was  referred  to  the 
opposite  side  of  the  chalked  circle,  there  representing 
the  earth's  path  in  the  heavens. 

If  we  conpeive  a  plane  to  pass  through  the  centre 
of  the  globe  and  the  sun's  centre,  it  will  ialso  pass 
through  the  points  of  Cancer  and  Capricorn,  in  the 
terrestrial  and  celestial  ecliptic;  the  central  solar 
ray,  in  this  position  of  the  earth,  is  also  in  that 
plane :  this  cap  n^ver  happen  but  at  the  times  of  the 
solstioe, 

If  another  plane  be  conceived  to  pass  through  the 
centre  of  thie  globe  at  right  angles  to  the  central  solar 
ray,  it  will  divide  the  globe  i|ito  t^o  hemispheres ; 
that  next  the  centre  of  the  chalked  circle  will  re- 
present  the  earth's  illuminated  disc,  the  contrary  side 
i)f  the  same  plane  will  at  the  sanifs  tiine  sh^w  the  obr 
scure  hemisphere. 

The  reader  may  realize  this  second  plane  by  cut* 
ting  dWdy  a  semicircle  irom  a  sheet  of  card  past<e^ 
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^fd,  with  ft  radius  of  about  i^  tenth  of  an  inch^ 
l?«ter  than  that  of  the  globe  itself.* 

If  this  plane  be  applied  to  66i^  degrees  upon  the- 
strong  brass  meridian^  it  will  be  in  the  pole  of  the 
ecliptic ;  and  in  every  situation  of  the  globe  rouna 
the  circumference  of  the  chalked  circle,  it  will  af- 
ford a  lively  and  lasting  idea  of  the  various  pheno- 
mena  arising  from  the  parallelism  of  the  earth's 
flixis,  and  m  particular  the  daily  change  of  the 
sun's  declination^  and  the  parallels  thereby  de- 
scribed. 

Let  the  globe  be  removed  from  Vy  to  ^,  and 
the  needle  pointing,  to  the  variation  as  before,  will 
preserve  the  parallelism  of  the  earth's  axis ;  then 
It  will  be  plain  that  the  string,  or  central  solar  ray, 
^ill  fell  upon  the  first  point  of  Leo,  six  signs  dis- 
tant from,  but  opposite  to  the  sign  ^,  upon  wiiich 
the  globe  stands ;  the  central  solar  ray  will  now  de- 
scribe the  20th  parallel  of  north  declination,  which 
will  be  about  the  23d  of  July. 

If  the  globe  be  moved  in  this  manner  point  to 
point  round  the  circumference  of  the  chalked  cir- 
cle, and  care  be  taken  at  every  removal  that  the 
north  end  of  the  magnetic  needle,  when  settled, 
points  to  the  degree  of  variation,  the  north  pole 
of  the  globe  will  be  observed  to  recede  fix)m  the 
line  connecting  the  centres  of  the  earth  and  sun, 
until  the  globe  is  placed  upon  the  point  Cancer ; 


*  Or  he  ma  J  haTc  a  plane  made  of  vood  for  this  purpose^ 
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after  which,  it  wiU  at  every  removal  tend  more  and 
more  towards  the  said  line^  till  it  comes  to  Capricorn 
again. 

Problem  xxxi.    To  rectify  either  globe  to  the  lati- 
tude and  Iwrizon  of  any  place ^ 

If  the  place  be  in  north  latitude,  raise  the  north 
pole ;  if  in  the  south  latitude,  raise  the  south  pole, 
until  the  degree  of  the  given  latitude,  reckoned  on 
the  strong  brass  meridian  under  the  elevated  pole, 
cuts  the  plane  of  the  broad  paper  circle ;  then  this 
circle  will  represent  the  horizon  of  that  place,  while 
the  place  remains  in  the  zenith,  but  no  longer.  Thii 
rectification  is  therefore  unnatural,  though  it  is  the 
mode  adopted  in  using  the  globes  when  mounted  in 
the  old  manner. 


Problem  xxxii.    To  rectify  ftyr  the  sutCs place. 

After  the  former  rectification^  bring  the  degrees 
of  the  sun's  place  in  the  ecliptic  line  upon  the  globe 
to  the  strong  brass  meridian,  and  set  the  horary  in- 
dex to  the  Xllth  hour  upon  the  equator  which  is 
nost  elevated. 

Or  if  the  sun's  place  is  to  be  retained,  to  answer 
various  conclusions,  bring  the  graduated  edge  of 
the  moveable  meridian  to  the  degree  of  the  sun'l 
place  in  the  ecliptic^  and  slide  the  wire  which 
crosses  the  centre  of  the  artificial  horizon  thereto ; 
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then  bring  its  centre,  which  is  in  the  intersection  of 
the  aforesaid  wire,  and  graduated  edge  of  the  move* 
able  meridian,  under  the  strong  brass  meridian  as 
before,  and  set  the  horary  index  to  that  XII,  on  the , 
equator  which  is  most  elevated. 


Problem  xxxiii.    To  rectify  for  the  zenith  of  amf 

place^ 

After  the  first  rectification,  screw  the  nut  of  the 
quadrant  of  altitude  so  many  degrees  from  the  equa- 
tor, reckoned  on  the  strong  brass  meridian  towards 
the  elevated  pole,  as  that  pole  is  raised  above  the 
plane  of  the  broad  paper  circle,  and  that  point  will . 
represent  the  zenith  of  the  place. 
,  Note*  The  zenith  and  nadir  are  the  poles  of  the 
horizon,  the  former  being  a  point  directly  ov€|r 
our  heads,  and  the  latter,  one  directly  under  our 
feet. 

If,  when  the  globe  is  in  this  state,  we  look  on 
the  opposite  side,  the  plane  of  the  horizon  will  cut 
the  strong  brass  meridian  at  the  compkment  of  the 
latitude,  which  is  also  the  elevation  of  the  equator 
above  the  horizon. 


OF  THE  SOLUTION  OF  PROBLEMS,  BT  SXPOSIVG  THE 

GLOBES  TO  THE  SUN'S  RAYS. 

In  the  year  ,1679,  «/.  Moxon  published  a  treatise 
>      ou  what  he  called  ^^  The  English  Ghhe ;  being  (says 
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he)  a  stable  and  immobile  one,  performing  what  the 
ordinary  globes  do,  and  much  more ;  invented  and 
described  by  the  Right  Hon.  the  Earl  of  Castle- 
maine'l  This  ^obe  was  desighed  to  perform,  by 
being  merely  exposed  to  the  sun's  rays,  all  those. 
problems  which  in  the  usual  way  aresolved  by  the  ad- 
ventitious aid  of  brazen  meridians,  hour  indexes,  &c. 

MMyx  father  thought  that  this  method  might  be 
useful,  to  ground  more  deeply  in  the  young  pupiFi 
mind,  those  principles  which  the  globes  are  intended 
to  explain  ;  and  by  giving  him  a  different  view  of 

he  subject,  improve  and  strengthen  his  mind;  he 
therefore  inserted  on  his  globes  some  lines,  for  the 
.  purpose  of  solving  a  few  problems  in   Lord  Castk" 
main^s  manner. 

It,  appears  to  me,  from  a  copy  of  MoxorCs  publi- 
cation, which  is  in  my  possession,  that  the  Earl  of 
Castlemaine  projected  a  new  edition  of  his  works,  as 
the  copy  contains  a  great  number  of  corrections, 
many  alterations,  and  some  additions.  It  is  not 
very  improbable,  that  a£  some  future, day  I  may  re- 
publish  this  curious  work,  and  adapt  a  small  globe 
for  the  solution  of  the  problems. 

The  meridians  on  our  new  terrestrial  globes  being 
secondaries  to  the  equator,  are  also  hour  circles,  and 
arc  marked  as  such  with  Roman  figures,  under  the 
equatoi-,  and  :at  the  polar  circles  But  there  is  a  dif- 
ference in  the  figures  placed  to  the  same  hour  circle; 
if  it  cuts  the  Hid  hour  upon  the  polar  circles,  it  will 
<3iitthe  IXtlj  hour  upon  the  equator^  which  is- six 
hours  later,  and  so  of  all  the  -rest. 
-Through  the  great  Paoifius  sea,  and  the  intersec- 


tion  of  Libn^  is  (bftwn  a  broad  meridian  from  pole  to 
pote ;  it  pa99e9  through  the  Xllth  hour  upon  th^  ? 
equator^  and  the  Vlth  hour  upon  each  af  the  polarl 
circles ;  this  hour  circle  is  graduated  into  degrees 
and  parts^  and  numbered  from  the  equator  to^vanfa 
either  pole« 

Tliere  is  aaother  broad  meridian  passing  througk 
the  Pacific  sea^  at  the  IXtb  hour  upon  the  equator, 
and  the  Hid  hour  upon  each  polar  circle ;  this  con*^ 
tains  only  one  quadrant,  or  90  degrees;  the  numbers- 
annexed  to  it  begin  at  the  northern  polar  circle,  and* 
end  at  the  tropic  of  Capricorn.    . 

Here  we  must  likewise  observe,   there  are  HS^ 
concentric  circles  drawn  upon  the  terrestrial  globe  * 
ivithin  the  northern  and  southern  polar  circles,  which  '* 
for  the  future  we  shall  call  polar  parallels  ;  thi^  are 
placed  at  the  distance  of  one  degree  from  each  other, 
and  represent  the  parallels  of  the  sun's  declination, 
but  in  a  different  manner  from  the  47  parallels  be* 
tween  the  tropics. 

The  following  problems  require  the  globe  to  be 
placed  upon  ^  plane  that  is  level,*or  truly  horizontal^ 
which  is  easily  attained,  if  the  floor,  pavement,  gra- 
vel-walk, in  the  garden,  &c.  shpjild  not  happen  to  be 
horizontal. 

A  flat  seasoned  board,  or  any  box  which  is  about . 
two  feet  bro^,  or  two  feet  square,  if  the  top  be 
perfectly  flat,  will  answer  the  purpose ;  the  upper 
surfsjice  of.  either  may  be  set  truly  horizontal,,  by 
the  help  of  a  pocket  ^irit  lev^l,  or  plumb^rule^  if, 
you  raise  pr  .depr^s  this  or-  that  side  by  a  wedge  or 
two  as  the  spirit  level  shall  direct ;  if  you  have  a  me- 
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ridian  line  drawn  on  the  place  over  which  you  sub- 
stitute this  horizontal  plane,  it  may  be  readily  trans- 
ferred from  thence  to  the  surface  just  levelled ;  thii 
being  done,  we  are  prepared  for  the  solution  of  the* 
fcdlowing  problems* 

It  will  be  necessary  to  define  a  term  we  are 
obliged  to  make  use  of  in  the  solution  of  these 
problems,  namely,  the  shade  of  extuherancy:  by 
this  is  meant  that  shade  which  is  caused  by  the 
sphericity  of  the  globe,  and  answers  to  what  we 
have  heretofore  named  the  terminator,  defining 
the  boundaries  of  the  illuminated  and  obseure 
parts  of  the  globe;  this  circle  was,  in  the  solution 
of  some  of  the  forgoing  problems,  represented  by 
the  broad  paper  circle,  but  is  here  realized  by  the 
rays  of  the  sun. 

Problem  xxxiv.  To  observe  the  surCs  altitude^ 
hy  the  terrestrial  globe,  when  he  shines  bright,  or 
when  he  can  but  just  be  discerned  through  a  cloud. 

Elevate  the  north  pole  of  the  globe  to  66i  de- 
grees ;  bring  that  meridian,  or  hour  circle,  which 
passes  through  the  IXth  hour  upon  the  equator, 
under  the  graduated  side  of  the  strong  brass  men* 
dian ;  th^  globe  being  now  set  upon  the  horizon- 
tal fhcne,  turn  it  about  thereon,  frame  and  all^ 
that  the  shadow  of  the  strong  brass  meridian  may 
fall  directly  under  itself;  or,  in  other  words,  that 
the  shade  of  its  graduated  face  may  faU  exacidy 
upon  the  aforesaid  hour  circle :  at  that  instant  the 
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shade  of  extuberancy  will  touch  the  true  degree 
of  the  tun's  altitude  upoit  that  meridiar^^  which 
passes  through  the  IXth  hour  upon  the  equator^ 
reckoned  ' from  the  polar  circle;  the  most  elevated 
part  of  which  will  then  be  in  the  zenith  of  the  place 
where  this  operation  is  performed,  and  is  the  same 
whether  it  should  happen  to  be  either  in  north  or 
south  latitude* 

Thus  we  may,  in  an  easy  and  natural  manner,- 
obtain  the  altitude  of  the  sun^  at  any  time  of  the 
day^  by  the  terrestrial  globe  ;  for  it  is  very  plain, 
when  the  sun  rises  he  brushes  the  zenith  and  nadir 
of  the  globe  by  his  rays ;  and  as  he  always  illumi- 
nates half  of  it,  (or  a  few  minutes  more,  as  his 
globe  is  considerably  larger  than  that  of  the  earth) 
therefore,  when  the  sun  is  risen  a  degree  higher^ 
he  must  necessarily  illuminate  a  degree  beyond 
the  zenith^  and  so  on  proportionably  from  time  to 
time. 

But,  as  the  illuminated  part  is  somewhat  more 
than  half,  deduct  1 3  minutes  from  the  shade  of  ex^ 
tuberancy,  and  you  have  the  sun's  altitude  with  to- 
lerable exactness. 

If  you  have  any  doubt  how  far  the  shade  of  ex- 
tuberancy  reaches,  hold  a  pin,  or  your  finger,  on 
the  globe,  between  the  sun  and  point  in  dispute, 
and  where  the  shade  of  either  is  lost,  will  be  the 
point  sought. 

When  the  sun  does  not  shine  hrigJU  enough  to  cast 
a  shadow,  •  Turn  the  meridian  of  the  globe  toiyards 
the  sun,  as  ^before/  or  direct  it  so  that  it  may  lie  in 
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the  same  plane  « with  it^  which  may  bfe  doiie  i/yOil 
have  but  the  least  glimpse  of  the  sun  through  s 
cloud ;  hold  a  string  in  both  hands^  it  having  first 
been  put  between  the  strong  brs^ijs  meridian  and  the 
globe;  stretch  it  at  tight  angles  to  the  meridian, 
and  apply  your  face  near  to  the  globe,  moving  your 
eye  lower  and  lower,  till  you  can  but  just  see  the 
suii ;  then  bring  the  string  held  as  before  to  this 
point  upon  the  globe,  that  it  may  just  obscure  the 
sun  from  your  sight,  and  the  degree  on  the  aforesaid 
hour  circle,  which  the  string  then  lies  upon,  will  be 
the  sun*s  altitude  required,  for  his  rays  would  shew 
the  same  point  if  he  shone  out  bright. 

Note.  The  moon's  altitude  may  be  observed  by 
cither  of  these  methods,  and  the  altitude  of  any  star 
by  the  last  of  them. 

'  Problem  xxxv.  To  place  the  terrestriat  gtoht 
in  the  suns  rays,  that  it  may  represent  the  natural 
pasition  of  the  earthy  either  by  a  meridian  line,  or 
without  it. 

-  » 

If  you  have  a  meridian  line,  set  the  north  and. 
south  points  of  the  broad  paper  circle  directly 
over  it,  the  north  pole  of  the  globe  being  elevated 
to  the  latitude  of  the  place ;  and  standing  upon  a 
level  plane,  bring  the  place  you  are  in  under  the 
graduated  side  of  the  strong  brass  meridian,  then 
the  poles  and  parallel  circles  upon  the  globe  will, 
without  sensible  error,  correspond  with  those  in 
the  heavens,  and  each  point,  kingdom^  and  state^. 


PROBLEMS;  369 

will  be  turned  towards  the  real  one  which  it  reprer 
•eht9. 

If  you  have  no  meridian  line,  then  the  day  of  the 
month  being  known,  find  the  sun's  declination  as 
before  instructed,  which  will  direct  you  to  the  pa- 
rallel of  the  day,  amongst  the  polar  parallels,  reckon-^ 
ed  from  either  pole  towards  the  polar  circle ;  which 
you  ai^e  to  remember. 

Set  the  globe  upon  your  horizontal  plane  in  the. 
>un-shine,  and  put  it  nearly  north  and  south  by  the 
mariner's  compass,  it  being  first  elevated  to  the  lati- 
tude of  the  place,  and  the  place  itself  brought  under 
the  graduated  side  of  the  strong  brass  meridian; 
then  move  the  frame  and  globe  altogether,  till  the 
s}iade  of  extuberancy,  or  term  of  ill^imination,  just 
touches  the  polar  parallel  for  the  day,  and  the  globe 
ivill  be  fettled  as  before ;  and,  if  accurately  per>^ 
formed,  the  variation  of  the  magnetic  needle  will  be 
shewn  by  the  degree  to  >vhich  it  points  in  the  com- 
pass-bo^^ 

And  here  observe,  if  the  parallel  for  the  day 
^hould  not  happen  to  fall  pn  ^ny  one  of  those  drawn 
uppn  the  globe,  you  are  tp  estimate  ^  proportionable 
part  between  them,  and  reckon  that  the  parallel  of 
the  day*  If  we  had  drawQ  more,  the  globe  would 
have  been  confused. 

The  reason  of  this  operation  is,  that  as  the  sun  il- 
luminates half  the  globe^  the  shade  of  extuberancy 
^ill  constantly  be  90  degrees  from  the  point  wherein 
the  sun  is  vertical. 

If  tl^e  sun  be  in  the  equ«^tor,  the  shade  and.  iUa^ 
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mination  must  tenninate  in  the  poles  of  the  world ; 
and  when  he  is  in  any  other  diurnal  parallel^  the 
terms  of  illumination  must  fall  short  of,  or  go  be- 
yond either  pole,  as  many  degrees  as  the  parillel 
which  the  sun  describes,  that  day  is  distant  from  th^ 
equator ;  therefore,  when  the  shade  of  extuberancy 
touches  the  polar  parallel  for  the  day,  the  artificial 
globe  will  be  4n  the  same  position,  with  respect  to 
the  sun,  as  tJhe  earth  really  is,  and  will  be  illuminated 
in  the  same  manner. 


Problem  xxxvl      Tojind  naturally  the  suris  ife- 
clinatioHf  diurnal  parallel,  and  his  place  thereon. 

The  globe  being  set  upon  an  horizontal  plane, 
and  adjusted  by  a  meridian  line  or  otherwise,  ob- 
serve upon  which,  or  between  which  polar  parallel 
the  term  of  illumination  falls  ;  its  distance  from  the 
pole  is  the  degree  of  the  sun*s  declination ;  reckon 
the  distance  from  the  equator  among  the  larger  pa- 
rallels, and  you  have  the  parallel  which  the  sun 
describes  that  day ;  upon  which,  if  you  move  a 
card,  cut  in  the  form  of  a  double  square,  until  its 
shadow  falls  under  itself,  you  will  obtain  the  very 
place  upon  that  parallel  over  which  the  sun  is  ver- 
tical at  any  hour  of  that  day,  if  you  set  the  place 
you  are  in  under  the  graduated  side  of  the  strong 

"brass  meridian. 

Note.    The  moon's  declination,  diurnal  parallel, 

and  place,  may  be  found  in  the  same  manner.    Like- 
wise, wh.en  the  sun  does  not  shine  bright,  his  decU- 
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nation^  &c.  may  be  found  by  an  application  in  the 
manner  of  problem  xxxi  v. 


Problem  xxxvii.  To  find  the  sutCs  azimuth  natw- 

rally..  •  \ 

If  a  great  circle,  at  right  angles  to  the  horizon, 
passes  through  the  zenith  and  nadir,  and  also 
through  the  siin*s  centre,  its  distance  from  the 
meridian  in  the  morning  or  evening  of  any  day, 
reckoned  upon  the  degrees  of  the  inner  edge  of 
the  broad  paper  circle,  will  give  the  azimuth  re- 
quired. 

Method  L 

Elevate  either  pole  to  the  position  oif  a  parallel 
sphere,  by  bringing  the  north  pole  in  north  lati- 
tude, and  the  south  pole  into  south  latitude,  into 
the  zenith  of  the  broad  paper  circle,  having  first 
placed  the  globe  upon  your  meridian  line,  or  by 
the  other  method  before  described ;  hold  up  a 
plumbrline,  so  that  it  may  pass  freely  near  the  out- 
ivard  edge  of  thc^  broad  paper  circle,  and  move  it 
80  that  the  shadow  of  the  string  may  fall  upon  the 
elevated  pole ;  then  cast  your  eye  immediately  to  its 
shadow  on  the  broad  paper  circle,  and  the  degree  it 
there  falls  upon  is  the  sun's  azimuth  at  that  time, 
-which  may  be  reckoned  from  either  the  south  or  north 
points  of  the  horizonf 
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>     Method  II. 

Jf  you  have  only  a  glimpse^  or  faint  si^t  of  the 
fUD^  the  globe  being  adjusted  as  before,  stand  on  the 
9hady.  side,  and  hold  the  plumb-line  on  that  side  also, 
and  lUQve  it  till  it  cuts  the  sup's  centre,  apd  the  ele- 
vated pole  at  the  same  time  ;  then  cast  your  eye  to- 
wards the  broad  paper  circle^  and  the  degree  it  theie 
cuts  is  the  sun's  azimuth,  which  must  be  reckoned 
from  the  opposite  cardinal  point. 

Problem  xxxviii.  To  shew  that  in  some  places  of 
the  eartKs  surface^  the  sun  will  be  twice  on  the 
same  aiimuth  in  the  morning,  and  twice  on  thesame 
azimutj^  in  the  afternoon ;  or  in  other  words^ 

When  the  declination  of  the  sup  exceeds  the  lati- 
tude of  any  place,  on  eitha'side  of  the  equator,  the 
sun  will  be  on  the  same  azimuth  twice  in  a  morning, 
and  twice  in  the  afternoon. 

Thus,  suppose  the  globe  rectified  to  the  latitude  of 
Antigua,  which  is  about  If  degrees  of  north  latitude^ 
and  the  sun  to  be  in  the  beginning  of  Cancer,  er  to 
have  the  greatest  north  declination ;  set  the  qua- 
drant of  altitude  to  the  21st  degree  north  of  the 
east  in  the  horizon,  and  turn  the  globe  upon  its 
axis,  the  sun's  centre  will  be  on  that  azimuth  at  6h. 
30  min.  and  also  at  lo  h.  30  min.  in  the  morning. 
At  8  h.  30  min.  the  sun  will  be  as  it  were  stationary, 
with  respect  to  its  azimuth^  for  some  time;  as  it 


^i\\  appeiir  by  placing  the  quadrant  of  altitude  to 
the.  1 7th  degree  north  of  the  (east  in  the  horizon.  If 
the  quadrant  be  set  to  the  same  degrees  north  of  the 
west,  the  sun's  centre  will  dross  it  t\^€je  as  it  ap- 
proaches the  horizon  in  th^  afternoon. 

This  appearance  will  happen  more  or  less  to  all 
places  situated  in  the  torrid  zone,  whenever  the 
sun's  declination  exceeds  their  latitude  ;  and  from 
hence  we  may  infer,  that  the  shadow  of  a  dial  whose 
gnomon  is  erected  perpendicular  to  an  horizontal 
plane^  must  necessarily  go  back  several  degrees  on 
the  same  day. 

But  as  this  can  only  happen  in  the  torrid  zone,  and 
as  Jerusalenfi  lies  about  8  degrees  to  the  noi1:h  of  the 
tropic  of  Cancer,  the  retrocession  of  the  shadow  oil 
the  dial  of  Ahaz,  at  Jerusalem,  was,  in  the  strictest 
signification  of  the  word,  miraculous* 


Problem  xxxix.  To  ohetve  the  hour  of  the  day 
in  the  most  natural  manner,  when  the  terrestrial 
ghbe  is  'prffperly  placed  in  the  sunshine* 

Thete  are  many  ways  to  perform  thi?  operfltion 
with  respect  to  the  hour,  three  of  which  are  here 
inserted,  being  general  to  all  the  inhabitants  6f  the 
earth  ;  a  fomlh  is  added,  peculiar  to  those  of  Lon- 
don, which  will  answer,  without  sensible  etrof,  at 
anyplace  not  6xceedingthe  distance  of  6o  miles  from 
this  capital* 

s 
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By  a  natural  Style. 

* 

Having  rectified  the  globe  as  before  directed^  and 
j)laced,it  upon  an  horizontal  plane  over  your  meridian 
line,  or  by  the  other  method^  hold  a  long  pin  upon 
the  illuminated  pole,  in  the  direction  of  the  polar 
axis,  and  its  shadow  will  shew  the  liour  of  ^he  day 
amongst  the  polar  parallels. 

The  axis  of  the  globe,  being  the  common  section 
of  the  hour  circled,  is  in  the  plane  of  each;  and  as  we 
suppose  the  globe  to  be  properly  adjusted,  they  will 
correspond  with  those  in  the  heavens ;  therefore  the 
shade  of  a  pin,  which  is  the  axis  continued^  must  fall 
upop  the  true  hour  circle. 


IL    By  an  artificial  Style 

Tie  a 'smalt  string,  with  a  noose,  round  the  ele- 
vated pole,  stretch  its  other  end  beydnd  the  glob?, 
and  move  it  so  that  the  shadow  of  the  string  may 
fall  upon  the  depressed  axis;  at  that  instant  its 
shadow  upon  the  equator  will  give  the  solar  hour  to 
a  minute. 

But  ijemember,  that  either  the  autumnal  or  vernal 
equinoctial  colure  must  first  be  placed  under  the 
graduated  side  of  the  strong  brass  median,  heiGPe 
you  observe  the  hour,  each  of  these  being^  marked 
tipou  the  equator  with  the  hour  XII. 

The  string  in  this  last  case  being  moved  into  the 
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)>lane  of  the  sun^  corresponds  with  the  true  hour  cir« 
c\e,  and  consequently  gives  the  true  hour. 


III.     Without  any  style  at  all. 

Every  thing  being  rectified  as  before,  look  where 
the  shade  of  extuberancy  cuts  the  equator,  the  colure 
being  under  the  graduated  side  of  the  strong  brass 
meridian,  and  you  obtain  the  hour  in  two  places  upon 
the  equator,  one  of  them  going  before,  and  the  other 
following  the  sun.       ^ 

Note.  If  this  shade  be  dubious,  apply  a  pin,  or 
your  finger,  as  before  directed^ 

The  reason  is,  that  the  shade  of  ^extuberancy  be* 
ing  a  great  circle,  cuts  the  e<!|ual  in  half,  and  the 
sun,  in  whatsoever  parallel  of  declination  he  may 
happen  to  be,  is  always  in  the  pole  of  the  shade; 
consequently  the  confines  of  light  and  shade  will 
shew  the  true  hour"  of  the  day. 


IV.  Peculiar  to  the  inhabitants  of  London,  and  any 
place  within  the  distance  of  sixty  miles  from  it. 

The  globe  being  every  way  adjusted  as  before, 
and  London  brought  under  the  graduated  side  of 
the  strong  brass  meridian,  hold  a  plumb-line,  so 
that  its  shadow  may  fall  upon  the  zenith  point, 
^which,  in  this  case,  is  London  itself)  and  the  shadow 
of  the  string  will  cut  th^  parallel  of  the  day  upoa 
'  that  potnit  \fi  which  the  sun  is  th^txt-rerticalj  and  that 
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bour  circle  upon  which  this  intetsection  folk  is  the 
hour  of  the  day ;  and  as  the  meridians  are  dra\vQ 
within  the  tropics^  at  20  minutes  distance  from  each 
other^  the  point  cut  by  the  intersection  of  the  string 
upon  the  parallel  of  the  day,  being  so  near  the  equa- 
tor, may,  by  a  glance  of  the  observer  s  eye,  be  referred 
thereto,  and  the  true  time  obtained  to  a  minute. 

The  plumb-line  thus  moved  is  the  azimuth ;  which, 
by  cutting  the  parallel  of  the  dtay,  gives  the  sun's 
place,  and  consequently  the  hour  cirde  which  inter- 
sects it. 

From  this  last  operation  results  a  corollary,  that 
fives  a  second  way  of  rectifying  the  globe  to  the 
8un*8  rays. 

If  the  azimuth  and  shade  of  the  illuminated  axis 
agree  in  the  hour  when  the  globe  is  rectified,  then 
Aiaking  them  thus  to  agree,  must  rectify  the  globe* 

CoROiXARY*     Another  method  to  rectify  the  glok 

t6  the  suns  rays. 

Move  the  globe,  till  the  shadow  of  the  plumb-linei 
which  passes  through  the  zenith,  cuts  the  same  hour 
on  the  parallel  of  the  day  that  the  shade  of  the  pin, 
hel^  i^i  the  direction  of  the  axis^  falU  upon  amoogst 
the  polar  parallels,  and  the  ^lobe  is  rectified. 

l%ig  neason  is,  that  the  shadow  of  the  «kis  repi>^ 
sents  an  hour  tircle ;  and  by  its  iqgreemeiit  in  th^ 
same  hour,  which  the  shadow  of>:Ae.  saMnnth  string 
points  out,  by  its  intersection  ^  on  the  panUel  of  l|h& 
i4ay,  it  shews  th^  sun  to  be  in  thepkne^  tC^^e  8«4 
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parallel ;  which  can  nerer  happen  in  the  morning  on 
tbe  eastern  side  of  &e  globe^  nor  in  the  evening  on 
the  western  side  of  it^  but  when  the  globe  is  rectified. 

This  rectification  of  the  globe  is  only  placing  it  in 
such  a  manner^  that  the  principal  great  circles  and 
points  may  concur  and  fall  in  with  those  of  the 
heavens. 

The  many  advantages  arising  from  these  problems, 
relating  to  the  placing  of  the  globe  in  the  sun's  rays, 
the  tutor  will  eas^y  discern^  and  readily  extend  t9  his 
#wn,  as  well  as  to  tbe  benefit  of  h^is  pupil. 
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THE 

GENERAL  PRINCIPLES 

OF 

DIALLING, 

ILLUSTBAtED  BT 

THE  TERRESTRIAL  GLOBE. 


The  art  of  dialling  is  of  very  ancient  origin,  and 
was  in  former  times  cultivated  by  all  who  had  any 
pretentions  to  science ;  and  before  the  invention  of 
clocks  and  watches  it  wad  bf  the  highest  import- 
ance,  and  is  even  now  used  to  correct  and  regulate 
them. 

It  teaches  lis  by  means  of  the  sun's  rays  to  divide 
time  into  equal  p^arts,  and  to  represent  on  any  given 
surface  the  different  circles  into  which,  for  conve- 
nience, we  suppose  the  heavens  to  be  divided,  but 
principally  the  hour  circles. 

The  hours  are  marked  upon  a  plane,  and  pointed 
out  by  the  interposition  of  a  body,  which  receiving 
the  light  of  the  sun,  casts  a  shadow  upon  the  plane. 
This  body  is  called  the  axis,  when  it  is  parallel, 
to  the  axis  of  the  world.  It  is  called  the  style 
when  it  is  so  placed  that  only  the  end  of  it  coincides 
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with. the  axis  of  the  earth ;  ia  this  case,  it  is  only  this 
poiftt  which  marks  the  hours. 

Among  the  various  pleasing  and  profitable  amuse- 
ments, which  arise  from  the  use  of  globes,  that  of 
dialling  is  not  the  least.  By  it  the  pupil  will  gain 
satisfactory  ideas  of  the  principles  on  which  this 
branch  of  science  is  founded;  and  it  will  reward  with 
abundance  of  pleasure,  those  that  chuse  to  exercise 
themselves  in  the  practise  of  it. 

If  we  imagine  the  hour  circles  of  any  place,  a< 
London,  to  be  drawn  upon  the  globe  of  the  earth, 
and  suppose  this  globe  to  be  transparent,  and  to 
revolve  round  a  real  axis,  which  is  opake^  and 
casts  a  shadow;  it  is  evident,  that  whenever  the 
plane  of  any  hour  semicircle  points  at  the  sun, 
the  i»hadow  of  the  axis  will  fall  upon  the  opposite 
semicircle.* 

Let  aPCpy  plate  13,^^.  1,  represent  a  trans* 
parent  globe ;  ahcdefg  the  hour  semidrcles,  it  is 
clear,  that  if  the  semicircle  Vap  points  at  the  sun^ 
the  shadow  of  the  axis  will  fall  upon  the  opposite 
semicircle. 

If  we  imagine  any  plane  to  pass  through  the  centre 
of  this  transparent  globe,  the  shadow  of  half  the  axis 
will  always  fall  upon  one  side  or  the  other  of  this  in- 
tersecting plane. 

Thus,  let  ABCD  be  the  plane  of  the  horizon  of 
London ;  so  long  as  the  sun  is  above  the  horizon^ 

*  Long^s  Aslronomy,  toI.  I.  p.  82. 
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the  9haidow  of  the  upper  Jialf  of  the  wis  ff\\\  fall 
somewhere  upon  the  upper  side  of  thf  plane  ABCO; 
when  the  sun  is  jbdoiy  the  horizon  pf  iiOndoQ,  theii 
the  shadow  of  the  lower  half  of  thi^  axis  £  fiedU  upoa 
the  lower  side  of  the  plane. 

When  the  plane  of  any  hour  sepiicirple  points 
at  the  sun^  the  shf^dow  of  the  axis  marks  tl^e  re« 
speetive  hour-line  upon  the  intersecting  plgne.  The 
hour-line  is  therefore  a  line  drawn  from  the  centre 
of  the  intersecting  plane^  to  that  point  wheve  this 
plane  is  <rat  by  the  semicircle  opposite  to  the  hour 
semicirde. 

Thus  let  ABCD,  plaie  13 ^  Jig,  1,  the  horiwrn 
pf  London^  be  the  intersecting  plane^  wh$n  the  mer 
ridian  of  London  points  at  die  sun^  as  ib  the  pre^sat 
figure^  the  shadow  of  the  half  axis  PE  faUs  Upon  the 
line  EB,  which  is  drawn  from  E,  the  centre  of  the 
horizon,  to  the  point  where  the  horizon  is  put  by  the 
opposite  semicircle ;  therefore  £B  is  the  line  f(^  the 
fcour  of  twelve  at  noon. 

By  the  same  method  the  rest  of  the  hQurrlifi^  W 
found,  by  drawing  for  evpry  hour  a  line,  from .  the 
centre  of  the  intersecting  plane,  to  that  semicircle 
which  is  opposite  to  the  hour  semicircle. 

Thus  plate  13,  Jig.  2,  shews  the  hour-lines  draw^ 
npon  t})ie  plane  of  th^  horizon  of  LondcHij  with  only 
so  many  hours  as  are  necessary ;  th^t  is,  those  hours 
iduring  whiph  the  sun  is  abpve  the  horizon  of  hoiar 
don,  on  the  longest  day  in  summer. 

If,  when  the  hour-lines  are  thus  found,  the  semi* 
^jrcles  be  taken  aw^y,  as  the  scaffolding  is  when  the 
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liouse  is  Imilt^  what  remains,  as  \nfig.  %  will  be  an 
horizontal  dial  for  London. 

If  instead  of  twelve  hour  circles,  as  above  de- 
scribed, we  take  twice  that  number,  we  may  by  th^ 
points,  where  the  intersecting  plane  is  cut  by 
them,  find  the  lines  for  ^very  half  hour;  if  wc 
take  four  times  the  number  of  hour  circles,  we  may 
find  the  lines  for  every  quarter  of  an  hour,  and  so  oa 
progressively. 

We  have  hitherto  considered  the  horizon  of  Lou* 
don  as  the  intersecting  plane,  by  which  is  4seen  the 
method  pf  making  an  horizontal  dial.  If  we  take 
any  other  plane  for  the  inte^rsecting  plane,  and 
find  th^  point?  where  the  hour  semicircles  pasi 
through  it,  and  draw  the  lines  from  the  centre  of  the 
plane  to  those  points,  we  shall  have  the  hour^lines  for 
that  plane, 

Blate  1 3,  Jig.  3 j  shews  how  the  honr-lines  ara 
found  upon  a  south  plane,  perpendicular  to  the  ho* 
irizon.  Fig,  4,  shews  a  south  dial,  with  its  hour- 
lines  \f  ithout  ^he  sen^icircle,  by  means  whereof  thgr 
are  found* 

The  gnomofi  of  every  sun  dial  represents  the  axii 
.of  thp  earth,  ai^d  is  therefore  always  placed  parallel 
Jto  it ;  whjBther  it  be  a  wire,  as  in  the  figure  bef6ie 
]as,  or  the  edg^  of  a  bra^^  plate,  as  in  a  common  ho* 
^zontal  dj^l^ 

The  \jrhole  earth,  ^s  to  Jts  bulk,  is  but  a  point, 
^f  compared  to  its  distance  from  the  sun;  there- 
fore,  if  a  small  sphere  of  glas6  be  placed  on  ai^ 
part  of  the  earth's  surface,  so  th« t  its  axis  be  par 
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ndlel  to  the  axis  of  the  earthy  and  the  sphere  have 
such  lines  upon  it,  and  such  planes  within  it,  as 
above  described,  it  will  shew  the  hour  of  the  day 
as  truly  as  if  it  were  placed .  at  the  centre  of  the 
earth,  and  the  shell  of  the  earth  were  as  transparent 
as  glass. 

A  wire  sphere,  with  a  thin  flat  plate  of  brass  witli- 
in  it,  is  often  made  use  of  to  explain  tlie  principles 
of  dialling. 

'  From  what  has  been  said,  it  is*  clear  that  dialling 
depends  on  finding  where  the  shadow  of  a  straight 
wire,  parallel  to  the  axis  of  the  earth,  will  fall  upon 
a  given  plane,  every  hour,  half  hour,  &c.  the  hour* 
lines  being  found  as  above  described,,  which  we  shaU 
proceed  to  exemplify  by  the  globe. 

Every  dial  plane  (that  is,  the  plane  surface  osl 
which  a  dial  is  drawn)  represents  the  plane  of  a  greal; , 
circle^  which  circle  is  an  horizon  to  some  covntcy  or 
other. 

Tbe  caitre  of  the  dial  represents  thef  centre  of  the 
earth  ;  and  the  gnomon  which  casts  the  shade  repre* 
sents  the  ^xis,  and  ought  to  point  directly  to  the  polea 
of  the  equator. 

The  plane  upon  which  dials  9re  delineated  may 
^  be  either,  1;.  parallel  to  the  horizon;  2.  perpendi* 
cular  to  the^  horizon  ;    or^  3.  cutting  it  at  oblique 
angles. 
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Problem  xl,     Tq  construct  an  horhontal  dial  for 

any  given  latitudeyln/meaiis  of  the  terrestrial  globe. 

* 

Elevate  the  pole  to  the  latitude  of  the  place, 
then  bring  the  first  meridian  under  the  graduated 
edge   of  the   strong  brazen  one,  which  will  thea   / 
be  oyer  the  hour  XII,  or. the  equator.      As  our 
globes  have  meridians  drawn  through  every  fifteen 
degrees   of  the  equator,  these  meridians  will  re- 
present the  true  circles  of  the  sphere,  and  will  in- 
tersect the  horizon  of  the  globe,  in  certain  points 
on   each   side  of  the  meridian.      The  distance  of 
these  points  from  the  meridian  must  be  carefully 
noted  down  upon  a  piece  of  paper,  as  will  be  seen 
ijsk  the  example.     The  pupil  need  not,  however, 
take  out  into  his  table  the  distances  further  than 
from  XII  to  VI,  which  is  just  90  degrees  ;  for  the 
distances  of  XI,  X,  IX,  VIII,  VII,  VI,   in  the 
forenoon^  are  the  same  from  XII  as  the  distances 
of  I,  II,   III,  IV,  V,  VI,  in  the  afternoon;  and 
these  hour-lines  continued  through  the  centre,  will 
give  the  opppsite  hour-lines  on  the  other  half  of  the 
dial. 

No  more  hour-lines  need  be  drawn  than  what  an- 
swer to  the  sun's  continuance  above  the  horizon, 
on  the  longest  day  of  the  year,  in  the  given  la- 
titude. 

Example.  Suppose  the  given  place  to  be  London^ 
ivhose  latitude  is  61  deg.  30  min.  north.       ;    ' 

Elevate,  the  north  pole  of  the  globe  to  6 1  ^  degrees 
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above  the  horizon  i  then  will  the  axis  of  ^  globe 
have  the  same  elevation  above  the  broad  paper  cir« 
cle^  as  the  gnomon  of  the  dial  is  to  have  above  the 
plane  thereof. 

Turn  the  globe  till  the  first  meridian  (whidi  on 
^English  globes  passes  through  London)  is  under  the 
graduated  side  of  the  strong  brazen  meridian ;  then 
observe  and  note  the  points  where  the  hour- circles 
intersect  the  horis^on ;  and  as  on  our  globes  the 
inner  graduated  circle^  on  the  broad  paper  circle, 
begins  from  the  two  sixes,  or  east  and  west,  wf  shall 
begin  from  thence,  calling  the  hour  »  VI  0°  O' 
we  shall  find  the  other  hours  intersecting  the  hori-^ 
aeon  at  the  following  de^ees  i^     r    ^ 


V 

18" 

54' 

IV 

36 

24 

m 

51 

W 

11 

65 

1 

41 

I 

78 

9 

which  are  &e  respective  distances  of  the  above  hours 
from  VI  upon  the  plane  of  the  horizon. 

To>  transfer  these,  and  the  rest  of  the  hours,  upon 
an  horizontal  plane,  draw  the  parallel  right  lines 
ac,  and  bd,  plate  13,  Jig.  5,  upo^i  that  plane,  ai 
|ar  from  each  other  as  is  equal  to  the  intended 
thickness  of  the  gnomon  of  the  dial,  and  the  space 
included  between  them,  will  be  the  meridian,  or 
twelve  'o'clock  line  upon  th^  dial ;  cross  this  meri- 
dian at  right  angles,  by  the  line  gh,  which  will  be 
the  six  o'clock  line ;  then  setting  one  foot  of  your 
compasses  in  the  intersection  a,  describe  the  qua- 
drant ge  with  any  convenient  radhis,  ox  opening 


of  tiie  compasses ;  after  this^  set  one  foot  of  the 
compasses  in  the  intersection^^  as  a  centre^  and 
mdi  the  same  radius  describe  the  quadrant  Jh ;  then 
divide  each  quadrant  into  90  equal  parts^  or  d^reesy' 
as  in  the  figure* 

Because  the  hour-lines  are  less  distant  from  each 
other  about  noon^  than  in  any  other  parts  of  the  dial, 
it  is  best  to  have  the  centres  of  the  quadrants  at  some 
diistance  from  the  centre  of  the  dial-plane,  in  ocd» 
to  enlarge  tlie  hour-distances  near  XII ;  thus  the 
centre  of  the  plane  is  at  J^^  but  the  centre  of  the 
quadrants  is  at  a  and  h. 

Lay  a  rule  over  78'  9',  and  the  centre  h,  and 
draw  there  the  hour-line  of  I.  Through  J,  and 
65  41^  gives  the  hour  line  of  II,  Through  h,bl  5 7, 
that  of  III.  Tlirough  the  same  centre,  and  36  24,  we 
obtain  the  hour-line  of  IV.  And  through  it,  and 
18  54,  that  of  V.  And  because  the  sun  rises  about 
four  in  the  morning,  continue  the  hour-lines  of  IV 
and  V  in  the  afternoon,  dirough  the  centre  b  to 
the  opposite  side  of  the  dial. 

Now  lay  a  rule  successively  to  the  centre  a  of 
the  quadrant  eg,  and  the  like  elevations  or  degrees 
of  that  quadrant  78  9,  65  41,  51  57,  36  24,  18  54, 
^hich  will  give  the  forenoon  hours  of  XI,  X,  IX, 
VIII,  and  VII ;  and  because  the  sun  does  not  set 
befdWe  VIII  in  the  evening  on  the  longest  days,  conti- 
nue the  hour-lines  of  VII  and  VIII  in  the  afternoon, 
and  all  the  hour-lines  will  be  finished  on  this  dial. 

Lastly,  through  614^  degrees  on  either  quadrant^ 
and  from  its  centre,   draw  the  right  line  ag  for  th^ 


axis  of  the  gnomdn  agij  and  from  g  let  fell  die  per< 
liendicular  gi  upon  the  meridian  line  ai,  and  there 
will  be  a  triangle  made,  whose  sides  are  agy  gi^  and 
ia  ;  if  a  plate  similar  to  this  triangle  be  made  as  thick 
as  the  distance  between  the  lines  aa  and  irf,  and  be 
set  upright  between  them,  touching  at  a  and  6, 
the  line  agv/iUy  when  it  is  truly  set,  be  parallel  to 
the  axis  of  the  worlds  and  will  cast  a  shadow  on  the 
liaur  of  the  day.  ,  >      ^■ 

The  Jrouble  of  dividing  the  two  quadrants  may 
lie  savedy  by  using  a  line  -of  chords,  which  is  al- 
ways placed  upon  every  scale  belonging  to  a  case  of 
instruments.* 

Problem  xLr>    To  delineate  a  direct  south  dial  for 

any  given  latitude^  bt/  the  globe. 

% 

Let  us  suppose  a  south  dial  for  the  latitude  of 
London. 

Elevate  the  pole  to  the  co-latitude  of  your  place, 
38°  30',  and  proceed  in  all  respects  as  above  taught  for 
the  horizontal  dial,  from  VI  in  the  morning  to  VI  in 
the  afternoon,  only  the  hours  must' be  reversed,  asin 
plate  13,  fig.  3 ;  and  the  hypothenuse  agjfig.4.  of  the 
gnomon  agf^  must  make  an  angle  with  the  dial- 
plane  eqiial  to  the  co-latitude  of  the  place. 

As  the  sun  can  shine  no  longer  than  from  VI  in 
the  morning  to  VI  in  the  evening,  there  is  no  occa- 
sion for  having  more  than  twelve  hours  upon  this  diaL 

*  Or  much  more  so  by  an  appropriate  set  of  dialling  Hncfj  placed 
oa  a  14-inch  box  scale,  ^hich  is  sold  at  our  sI\op;  in  IIolborD. 
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Ih  solving  this  proUem^  we  have  considered  our 
vertical  south  dial  for  the  latitude  of  London,  as  an 
horizontal  one  for  the  complement  of  that  latitude,  or 
«S8  deg.  30  min.  all  direct  vertical  dials  may  be  thus 
reduced  to  horizontal  ones  in  the  same  manner*  The 
reason  of  this  will  beevident,  if  the  globe  be  elevat- 
ed to  the  latitude  of  London ;  for,  by  fixing  the 
quadrant  of  altitude  to  the  zenith,  and  bringing  it 
to  intersect  the  horizon  in  the  east  point,  it  will  point 
out  the  plane  of  the  proposed  dial. 

This  plane  is  at  right  angles  to  the  meridian,  and 
perpendicular  to  the  horizon ;  and,  it  is  clear,  from 
the  bare  inspection  of  the  globe,  thus  elevated,  that 
its^  axis  forms  an  angle  with  this  plane,  which  is 
just  the  complement  of  that  which  it  forms  with  the 
horizon,  and  is  therefore  just  equal  with  the  cp-Iati- 
tude  of  the  place ;  and  that,  therefore,  it  is  most 
simple  to  rectify  the  globe  to  that  co-latitude. 

The  north  vertical  dial  is  the  same  with  the  south, 
only  the  style  must  point  upwards,  and  that  maiiy  of 
the  hours,  from  its  direction  can  be  of  no  use. 

Problem  xui.     To  make  an  erect  dial,  declining, 
from  the  south  towards  the  east  or  west. 

\ 

Elevate  the  pole  to  the  latitude  of  the  place,  and 
screw  the  quadrant  of  altitude  to  the  zenith. 

Then,  if  your  dial  declines  towards  die  east, 
(which  we  shall  suppose  in  the  present  instance) 
count  in  the  horizon  the  degrees  of  declination  from 
the  east  point  towards  th^  north,  and  bring  the  lower 
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end  of  the  quadrant  to  coincide  with  tliat  degree  of 
declination  at  which  the  reekoning  ends* 

Then  bring  the  first  meridian  under  the  graduated 
edge  6f  the  strong  brass  meridian^  which  strong  me^ 
ridiaa  will  serve  as  the  horary  index. 

Now  turn  the  globe  westward,  and  obsefve  the 
degrees  cut  in  the  quadrant  of  altitude  by  the  fifst 
ttieridian^  while  the  hours  XI,  X,  IX,  &c.  in  the 
forenoon,  pass  successively  under  the  brazen  one} 
and  the  degrees  thus  cut  on  the  quadrant  by  the  first 
meridian  are  the  respective  distances  of  the  forefnooa 
hours,  from  XII  on  the  plane  of  the  quadrant. 

For  the  afternoon  hours,  turn  the  quadrant  of 
altitude  round  the  zenith,  until  it  comes  to  the  de- 
gree in  the  horizon,  opposite  to  that  where  it  was 
placed  before,  namely,  as  far  from  the  west  towards 
the  south,  and  turn  the  globe  eastward*;  and  as  the 
hours  I,  11;  III,  &c.  passes  under  the  strong  brazen 
meridian,  the  first  meridian  will  cut  on  the  quadrant 
of  altitude  the  number  of  degrees  from  the  ;genitb 
that  each  of  the  hours  is  from  XII  on  the  dial. 

When  the  first  meridian  gpes  off*  the  quadrant  at 
the  horizon,  in  the  forenoon,  the  hour  index  will 
shew  the  time  when  the  sun  comes,  upon  this  dial ; 
and  when  it  goes  off  the  quadrant  in  the  afternoon, 
it  points  to  the  time  when  the  sun  leaves  the  diaK 

Having  thus  found  all  the  hour  distances  from 
XII,  lay  them  down  upon  your  dial-plane,  either  by 
dividing  a  semicircle  into  twp  quadrants^  or  by  the 
line  of  chords. 

la  all  declining  dials,  the  line  on  which*  the  gno- 
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mon  stands^  makes  an  angle  with  the  twelve  o*elock 
hne,  and  falls  among  the  forenoon  hour-lines^  if  the 
dial  declines  towards  the  east ;  and  among  the  af- 
ternoon hour-lines,  when  the  dial  declines  towards 
Ae  west ;  that  is,  to  the  left-hand  firom  the  twelve 
o'clock  line  in  the  former  case,  and  to  the  right-hand 
from  it  in  the  latter. 

To  find  the  distance  of  this  line  firom  that  of 
twelve.  This  may  be  considered,  !•  If  the  dial 
declines  from  the  south  towards  the  east,  then  count 
the  degrees  of  that  declination  in  the  horizon,  from* 
the  east  point  towards  the  north,  and  bring  the 
lower  end  of  the  quadrant  to  that  degree  of  declina- 
tion where  the  reckoning  ends ;  then  turn  the  globe, 
nntil  the  first  meridian  cuts  the  horizon  in  the  like 
number  of  degrees,  counted  from  the  south  point 
towards  the  east,  and  the  quadrant  and  first  meri* 
dian  will  cross  one  another  at  right  angles,  and  the 
number  of  degrees  of  the  quadrant,  which  are  inter- 
cepted between  the  first  meridian  and  the  zenith,  is 
equal  to  the  distance  of  this  line  from  the  twelve 
o'clock  line. 

The  numbers  of  the  first  meridian,  which  are  in- 
tercepted between  the  quadrant  and  the  north  pole, 
is  equal  to  the  elevation  of  the  style  above  the  plane 
of  the  dial. 

The  second  case  is,  when  the  dial  declines  west- 
^ward  from  the  south. 

Count  the  declination  from  the  east  point  df  the 
horizon  towards  the  south,  and  bring  the  fjuadrant 
af  altitude  to  the  degree  in  tha  horizon  at  which  th« 
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reckoning  ends,  both  for  finding  the  forenoon  hours 
and  the  distance  of  the  substyle^  or  guoinon  line, 
from  the  meridian;  and  for  the  afternoon  hours^ 
bring  the  quadrant  to  the  opposite  degrees  in  the 
horizon,  namely,  as  far  from  the  west  towards  the  . 
norths  and  then  proceed  in  all  respects  as  before. 

It  is  presumed,  that  the  foregoing  instances  will 
be  sufficient  to  illustrate  the  general  princ^les  of 
dialling,  and  to  give  the  pupil  a  general  idea  of  Aat 
pleasing  science :  for  accurate  and  expeditious  me- 
thods of  constructing  dials,  we  must  refer  him  to 
treatises  written  expressly  on  that  subject* 

Nate, — For  a  simple  and  easy  method  of  coustructiQg,  uislrn* 
mentally,  sun  dials,  see  my  edition  of  our  Knihafs  Geometrical 
and  Graphical  Essay!t^  page  38,  3d  edition,  1803. 

WeWs  Art  of  Shadows,  8va.  and  LeadMter's  Art  of  Dialling^ 
8to.  are  among  tbe  best  treatises^  for  learners,  on  the  subject. 

Edit. 
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NAVIGATION 

EXPLAINED  BT 

THE  GLOBE. 

^P— — — *—— i— B^— — — li— ^ 
*'■'■'  I    I    I    I     I  ■  ■» 

Navigation  is  the  art  of  guiding  a  ship  at 

sea,  from  one  place  to  another^  in  the  safest  and  most 
convenient  manner.  In  order  to  attain  this^  fout 
things  are  particularly  necessary4 

1 .  To  know  the  situation  and  distances  of  places. 

2.  To  know  at  all  times  the  points  of  the  com- 
pass. 

3.  To  know  the  line  in  which  the  ship  is  to  be  di- 
rected from  one  place  to  the  other. 

4.  To  know,   in  any  part  of  the  voyage,  what 
point  of  the  globe  the  ship  is  upon. 

The  knowledge  of  the  distance  and  situation  of 
places,  between  which  a  voyage  is  to  be  made,  im- 
plies not  only  a  general  knowledge  of  geography, 
but  of  several  other  particulars,  as  the  rocks,  sands, 
straits,  riyers,  &c,  near  which,  we  are  to  sail ;  the 
bending  out  or  running  in  of  the  shor^s^  the  know- 
ledge of  the  times  that  particular  winds  set  in,  the 
seasons  when  storms  and  hurricanes  are  to  be  eX* 
pected,  but  especially  the  tide?  ;  these,  and  .many, 
other  similar  circumstances  are  to  be  learned  front 
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sea-charts^  journals,.  &c.  but  chiefly  by  observatimi 
and  experience- 

The  second  pftrttcular  to  be  jattained,  i»  the  know- 
ledge at  all  times  of  the  points  of  the  compass  where 
the  ship  id*  The  ancients,  to  whom  the  polarity  ©f 
the  loadstone  was  unknown^  found,  in  the  day-time, 
the  east  or  west,  by  the  rising  or  setting  of  the  sun ; 
and  at  night,  the  north,  by  the  polar  star;  We  have 
tlie  advantage  of  the  mariner  s  compass,  by  whicfa^ 
at  any  time  in  the  wide  ocean,  and  the  darkest  night, 
we  V  now  where  the  north  is,  and  consequently  the 
rest  of  the  points  of  the  compass.. 

Indeed,  before. the  invention  of  the  mariner's  com- 
pass,  theVoyages  of  the  Europeans  were  principally 
confined  to  coasting ;  but  this  fortunate  discovery 
has  enabled  the  mariner  to  explore  new  seas,  and 
discover  new  countries,,  which,  without  this  valuable 
acquisition,  would  probably  have  remained  for  ever 
unknown. 

The  third  thing  required  to  be  known,  is  the  line 
which  a  ship  describes  upon  the  globe  of  the  earth, 
in  going  from  one  place  to  another. 

The  shortest  way  from  one  place  to  another  is 

« 

an  arc  ©f  a  great  circle  drawn  through    the  tw<^ 
places. 

The  most  convenient  way  for  a  ship,  is  that  by 
which  we  may  sail  from  one  place  to  another,  di-r 

« 

recti ng  the  ship  all  the  whilie  towards  the  same'point 
of  the  compass. 

A  ship  is  guided. by  steering  or  directing  her  to* 
wards  some  points  of  the  compass :  the  line  whereia 
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a  ship  is  directed,  is  called  the  ship^s  course, 
vrhich  is  named  from  the  point  towards  which  she 
^ils. 

Thus,  if  a  ship -sails  towards. the  aorth-^east  point, 
her  course  is  said  to  be  N-£. 

In  long  voyages,  a  ship^s  way  may  consist  of  a 
great  number. of  different  courses,  as  from  A  to  B, 
from  B  to  C,  and  from  C  to  D,  plate  1 3,^^.  9 ;  when 
we  speak  of  a  ship's  course,  we  consider  one  of  these 
at  a  time;  the  seldomer  the  course  is  changed,  the 
more  easily  the  ship  is  •directed* 

If  tuuo places^,  J^  emd  Z^  plate  IS^Jig^  7i  ^'^  under 
the  same  mendbm^  the  course  from  the  one  to  the 
other  is  due  north  and  south.  Thus,  let  AZ  be 
part  of  a  meridian ;  if  A  be  Muth  of  Z,  the  course 
from  A  to  Z  must  bie  north,  and  the  course  from 
Z  to  A  86id:h.!  This  is  evident  from,  the  nature  of  a 
meridian,  tfa^t  it  marks  upon  th€i  horizon  the  north 
atid  south  points,  and  that  every  point  of  any  meri- 
dian is  north  or  south  from  every  other  point  of  it. 
From  henc^  we  may  deduce  the  following  corollary ;. 
that  if  a  ship  sails  due  north  or  south,  she  will  con- 
tinue on  the  same  iKieridian* 

If  two  places  lie  under  tlie  equator,  the  course  from 
one  to  the  dOiist  is  an  arc  of  the  equator,  and  is  due 
-east  or  we^t*  Thus,  let  aZf  Jig*  7^  be  a  part  of  the 
equator ;  if  a  be  west  from  »,  the  course  from  a  to  z 
is  eastj  and  the  course  from  2  to  a  is  west ;  for,  since 
the  equator  marks  the  east  and  west  points  upon  the 
horizon,  every  point  of  the  etjuator  lies  east  or  west 
of  every  other  point  of  it,  as  may  be  seen  upon  thi^ 
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globe,  by  placing  it  as  for  a  right  sphere,  anckbring. 
ing  a  or  z,  or  any  of  the  intermediate  points,  to  the 
zenith  r  when  it  will  be  evident,  that  if  we  are  to  go 
from  one  of  these  points,  a,  to  the  other,  z,  or  to  any 
point  on  the  equator,  we  must  continue  our  course 
due  east,  to  arrive  at  a,  or  vice  versoL^  From  hence 
we  may  deduce  this  consequence,  that  if  a  ship,  under  ^ 
the  equiitor,  sails  due  east  or  w68t,«he  will  Continue 
under  the  equator,  . 

In  the  two  foregoing  cases,  the  course  being  an 
arc  of  a  great  circle  (the  meridifin  or  equator)  i^the 
shortest  and  most  conve^i^t  vtecf-'iV^zxi  sai^. 

If  hoo  places  lie  under  thesameparalieiyihe  course 
from  one  to  the  other  isr  due  east  or  west:  this  may 
be  seen  upon  the  globe,  by  the  foUqwing  method: 
bring  any  point  of  a  parirllel  to  the  zenith^  and  stretch 
a  thread  oVer  it/ perpendicular  to  the  meridian ;  th^ 
thread  will  then  be  a  tangent  to  the  parallel,  and 
stand  east  and  west  from  the  point  of  contact 
Hence^  if  a  ship  sails  in  any  paraHd,  du^  east  or  west, 
sfhe  will  continue  in  the  same  parallel.  Jxi  this  case 
the  most  convenient  course,  though  not  ^he  shortest, 
from  one  to  the  other,  is  to  ^ail  due  east  or  west. 

Iftioo  places  lie  neither  under  the  equator^  nor  on 
the  same  meridiani  nor  in  the  same  parallel^  the  most 
convenient,  though  not  the  shortest  course^  from  one 
to  the  other,  is  a  rhumb*  .      . 

For  if  we  would,  in  this  case,  attempt  to  go  the 
shortest  way,  in  a  great  circle  drawn  through  the  two 
places,  vire  rnust  be  j3ei5>etually  changing  our  course. 
Thus,  in  Jig.  8,  whatever  is  the  bearing  of  K  ffom  A, 
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the  bearings  of  all  the  intermediate  points,  as  B,  C, 
D,  &c.  will  be  different  from  it,  as  well  as  dif- 
ferent from  each  other,  as  may  be  easily  seen  upon 
the  globe,  by  bringing  the  first  point.  A,  to  the  ze- 
nith, and  observing  the  bearing  of  K  from  each  of 
them.  Thus,  suppose,  when  the  globe  is  rectified 
to  the  horizen  of  A,  the  bearing  of  K  from  A  be 
north-east,  and  the  angle  of  position  of  K,  with  re- 
gard to  A,  be  45  degrees ;  if  we  bring  B  to  the  ze^ 
nith^  we;  shall  have  ^  different  horizon,  and  the 
blearing  and  angle  of  position  from  K  to  B  will  be 
different. from  the  former;  and  so  on  of  the  other 
points  B,  C,  D,  &c.  iimy  will  each  of  them  hava.^ 
different  hprjizpn,  and  K  will  have  a  different  bear** 

iiig  ^od  angle  of  position. 

From  hence  we  may  draw  this  corcJUfyi  that  when 
two  places  lie  one.  from  the  other,  towards  a  poicrt  not 
cardinal,  if  we  sail  from  one  plac^  towards  tlie  point 
of  the  other's  bearing,  we  shall  never  arrive  at  tl^^ 
otijer;  place.  Thus,  if  K  lies  north-east  frctm  A>  if 
vre  sail  from  A  towards  the  north-east,  we  shall  jaever 

arrive  ^tK.  ,  .,,. 

J^rhumb  u^on  the  globe  "is  a  line  drawn  from  a 
given  place  A^  so  ast  to  cut  all  the  meridians  it  passes 
through  at  equal  angles ;  the  rhumbs  are.denomi- 
ijtated  from  tjie  points  of  the  compass,  in  a  different 
inanr>er  from  th^  winds.  Thus,  at  sea,  the  rvorth-eart 
wind  is  that  which  blows  from  the  north-east  point 
of  the  horizon  towards  the  ship  in  which  we  are ;  but 
yve  are  said  to  sail  upon  the  N.E.  rhumb,  when  w« 
so  towards  the  north-east, 
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The  rhumb  ABCDK,  plate  Id,  Jig*  8,  passing 
through  the  meridians  LM,  NO,  PQ,  makes  the 
angle  LAB,  NBC,  PCD,  equal;  from  whence  it 
follows,  that  the  direction  of  a  rhumb  is  in  every  part 
of  it  towards  the  same  point  of  the  compass:  thus,, 
from  every  point  of  a  north-east  rhumb  upon  the 
globe,  the  direction  is  towards  the  north*-east,  and 
that  rhumb  makes  an  angle  of  45  degrees,  with  every 
meridian  it  is  drawn  through.  •      • 

Another  property  of  the  rh\liribs  is,  that  equal 
parts  of  the  same  rhumb  are  Contained  between  pa- 
rallels of  equal  distance  of  latitude ;  so  that  a  ship 
continuing  in  the  same  rhumb,  will  run  the  same 
number  of  miles  in  sailing  from  the  parallel  of  10  to 
the  parallel  of  30,  as  she  does  in  sailing  frorti  the 
parallel  of  30  to  that  of  50. 

The  fourth  thing  mentioned  to  be  required  in 
navigation  was,  to  know,  at  any  time,  what  point  of 
the  globe  the  ship  is  upon.  This  depends  upon  four 
thingis :  1 .  The  longitude ;  2.  The  latitude ;  3.  The 
course  the  ship  has  run;  4.  The  distance^  that  is, 
the  way  she  has  made,  or  the  number  of  leagues'  or 
Vniles  she  has  run  in  that  course,  from  the'jplacje  of 
Ihe  last  observation.  Now,  any  two  of  these  being 
known,  the  rest  may  be  easily  found; 

Having  thus  given  some  general  idea  of  navigation, 
we  now  proceed  to  the  problems,  by  which  the  cases 
of  jailing  are  solved  on  the  globe. 
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Problem  xuii.  Given  the  difference  of  latitude 
and  difference  of  longitude,  to  find  the  course  and 
distance  sailed.* 

Example.  Admit  a  ship  sails  from  a  port  A^  ia 
latitude  38  deg.  to  another  port  B,  in  latitude  5  deg. 
and  finds  her  difference  of  longitude  43  deg. 

Let  the  port  A  be  brought  to  the  meridian^  and 
elevate  the  globe  to  the  given  latitude  of  that  port 
38  d^.  and  fixing  the  quadrant  of  altitude  precisely 
over  it  on  the  meridian^  move  the  quadrant  to  lie 
over  the  second  port  B,  (found  by  the  givw  dif- 
ference  of  latitude  and  lougitude)  th^i  will  it  cut 
in  th^  horizon  50  deg.  45  min.  for  the  angle  of  the 
ship's  course  to  be  steered  frpm  the  port  A.  Also^ 
count  the  degrees  in  the  quadrant  between  the  two 
ports,  which  you  will  find  5 1  deg.  this  number  mul- 
tiplied by  6o,  the  nautical  miles  in  a  degree,  will 
^ve  306'0  for  the  distance  run. 


Problem  xliv.  Given  the  difference  of  latitude 
and  course^,  to  Jind  the  difference  of  longitude,  and 
distance  sailed. 

Example.  Admit  a  ship  sails  from  a  port  A,  in  25 
cTi^g.  north  latitude,  to  another  port  B,  in  30  deg.  south 
(wtitude,  upon  a  course  of  43  deg. 

Bring  the  port  A  to  the  meridian,  and  rectify  the 

^  See  M(fr(iny  on  the  Glo])es. 
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globe  to  the  latitude  thereof,  25  deg.  where  fix  the 
qaadmnt  of  altitude,  and  place  it  so  as  to  make  an 
«nglewitb  the  meridian  of  43  deg.  in  the  horizon, 
and  observe  where  the  edge  of  the  quadrant  inter- 
sects the  parallel  of  30  deg.  south  latitude,  for  that 
is  the  place  of  the  port  B.  Then  count  the  number 
of  degrees  on  the  edge  of  the  quadrant  intersected 
between  the  two  ports,  and  there  will  be  found  7^ 
deg.  which,  multiplied  by  6a,  gives  4380  miles  for 
the  distance  sailed.  As  the  two  ports  are  now  known, 
let  each  be  brought  to  the  meridiart^  aiid  observe  the 
difference  of  longitude  in  the  equator  respectively, 
which  will  be  found  50  de^. 

N.  B.  Had  this  problem  been  solved  by  loxodro- 
mfcs,  or  sailing  on  a  rfiumb,  the  difference  of  lon- 
gitude would  then  have  been  53  deg.  30  min.  b^- 

^ween  the  two  ports, 

* 

Problem  xlv.  G/ven  the  difference  of  latitude 
and  distance  run,  to  find  the  difference  of  iongitu^ 
and  angle  of  the  course^ 

JEopampkj  Admit  ^  ship  sails  from  a  port  A,  m 
latitude  50  deg.  to  another  port  B,  in  latitude  1? 
deg.  30  niin.  and  her  distance  run  be  2220  miles. 
Rectify  the  gjojae  to  the  jatitudi^  pf  the  place  Aj  then 
thg  distance  run,  reduced  to  degrees,  will  make  .3? 
deg.  which  are  to  be  reckoned  from  the  end  of  the 
quadrant  lying  over  the  port  A,  under  the  meridyin ; 
then  is  the  quadrant  to  be  moved,  till  the  3/  degrees 
coincide*  with  the  parallel  of  17  deg.  SO.min.  north 
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latitude ;  then  will  the  angle  of  the  course  appear  ia 
the  arch  of  the  horizon^  intercepted  'between  the 
quadrant  and  the  meridian,  which  will  be  M  deg, 
40  min, ;  and  by  making  a  mark  on  the  globe  for  the 
port  B,  and  bringing  the  same  to  the  meridian,  )'ou 
will  observe  what  number  of  degrees  pass  under  the 
meridian,  which  will  be  twenty,  the  diflference  of 
Jongitude  required* 


Problem  xlvi.  Given  the  difference  of  longitude 
and  course^ .  to  find  th^  dij^erence  of  latitude  and 
distance  sailed^ 

Example.  Suppose  a  £hip  sails  from  A,  in  the  latl-r 
tude  5 1  deg.  on  a  course  making  an  angle  with  the 
meridian  of  40  deg.  tjll  the  diflPerence  of  longitude  be 
^undjust  $Q  degrees;  then  rectifying  the  globe  Iq 
the  latitude  of  the  port  A^  place  the. quadrant  of 
^titud^  so  as  to  make  an  angle  pf  4Q  deg.  with  the 
meridian;  then  o))serve  atwhatpoii^t  it  intersjscti 
the  ineridian  passing  through  the  given  longitudi) 
of  the  pprt  !E(,  and  there  make  a  mark  to  represent 
the  said  port ;  then  the  number  of  degrees  inter^ 
cept^d  be(weex}  that  jind  jthe  port  A,  will  he  28^  which 
A2^ill  give  1 680  mile^  for  the  distance  run :  and  thq 
said  njarJtc  for  the  port  B,  being  brought  to  the  me- 
vidian,  will  jifiy^  it^  latitu4e  ther^  shewn  to  be  ^7 
deg.  4P  miny 
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sailed,  tajind  the  difference  of  longitude^  and  diffe-* 
rence  of  latitude. 

Example.  Suppose  a  ship  sails  1800  miles  from  a 
port  A,  51  deg.  15  min.  south-west^  on  an  angfe  of 
45  deg-  to  another  port  B- 

Having  rectified  the  globe  to  the  port  A,  fix  the 
quadrant  of  altitude  over  it  in  the  zenith^  and  place 
it  to  the  south-west  point  in  the  horizon  ;  tlxen  upon 
the  edge  of  the  quadrant  under  30  deg,  (equal  to 
1 800  miles  from  the  port  A)  is  the  port  B ;  which 
bring  to  the  meridian,  and  you  will  there  see  the  lati- 
tude; and,  at  the  same  tiirie,  its  longitude  on  the 
equator,  in  the  point  cut  by  the  meridian. 

In  all  these  cases,  the  ship  is  supposed  to  be  kejA 
upon  the  arch  of  a  great  circle,  which  is  not  difficult 
to  be  done,  very  nearly,  by  meins  of  the  globe,  by 
lirequently  observing  the  latitude,  measuring  the  dis- 
tance sailed,  and  (when  you  can)  finding  the  diffe- 
rence of  longitude ;  for  one  of  theie  being  given,  the 
place  and  course  of  the  ship  is  known  at  the  sadnft 
time ;  and  therefore  the  preceding  course  may  be  al- 
tered, and  rectified  without  any  trouble,  through  the^ 
whole  voyage,  as  often  as  such  observations  can  be 
obtained,  or  it  is  found  necessary.  Now  if  any  of 
these  data  are  but  of  the  quantity  of  -four  or  five  de- 
grees, it  will  sufiice  for  correcting  the  ship^s  <x>urse 
by  the  globe,  and  carrying  her  directly  to  the  intend- 
ed port,  according  to  the  following  problem  • 
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Probi^em  xlviii.  To  steer  a  ship  upon  the  arch 
of  a  great  circle  hy  the  given  difference  of  latitude^ 
or  difference  of  longitude^  or  distance  sailed  in  a 


given  time* 


Admit  a  ship  sails  from  a  port  A,  to  a  very  dis- 
tant port  Z,  whose  latitude  and  longitude  are  given, 
as  well  ajs  its  geographical  bearing  from  A ;  then. 

First,  having  rectified  the  globe  to  the  port  A,  lay 
the  quadrant  of  altitude  over  the  port  2^  and  draw 
thereby  the  arch  of  the  great  circle  through  A  and  Z  ;- 
this  will  design  the  intended  path  or  track  of  the  ship* 

Secondly,  having  kept  the  ship  upon  the  first  given 
course  for  some  time,  suppose  by  an  observation  yqu 
'find  the  latitude  of  the  present  place  of  the  ship,  tliis 
added  to,  or  subducted  from  the  latitude  of  the  port 
A,  will  give  the  present  latitude  in  the  meridian ;  to 
which  bring  the  path  of  the  ship,  and  the  part  therein, 
which  lies  under  the  new  latitude,  is  the  true  place 
B  of  the  ship  in  the  great  arch.  To  the  latitude  of 
B  rectify  the  globe,  and  lay  the  quadrant  over  Z,  and 
it  will  shew  in  the  horizon  the  new  course  to  be 
steered. 

Thirdly,  suppose  the  ship  to  be  steered  upon  thi« 
course,  till  her  distance  run  be  found  300  miles,  or 
5  degrees  ;  then,  tne  globe  being  rectified  to  the  place 
B  in  the  zenith,  laying  the  quadrant  from  thence 
over  the  great  arch,  make  a  mark  at  the  5th  degree 
Irom  B,  and  that  will  be  the  present  place  of  the  ship, 
which  call  C  ;  which  being  brought  to  the  meridian^ 
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its  latitude  and  longitude  will  be  known.  Then  rtc- 
tify  the  globe  to  the  place  C,  and  laying  the  quadrant 
from  thence  to  Z,  the  new  course  to'  be  steered  will 
appear  in  the  horizon. 

Fourthly,  having  steered  some  time  upon  this  new 
course,  suppose,  by  some  means  or  other,  you.  come 
to  know  the  difference  of  longitude  of  the  present 
place  of  the  ship,  and  of  any  of  the  preceding  places, 
C,  B,  A ;  as  B,  for  instance ;  tlien  bring  B  to  theme- 
ridian>  and  turn  the  globe  about,  till  so  many  de- 
grees  of  the  equator  pass  under  the  meridian  as  are 
equal  to  the  discovered  difference  of  longitude ;  then 
the  point  of  the  great  arch  cut  by  the  meridian  is  the 
present  place  D  of  the  ship,  to  which  the  new  course 
is  to  be  found  as  before. 

And  thus,  by  repeating  these  observations  at  pro- 
per intervals,  you  will  find  future  places,  E,F,G,  &c. 
in  the  great  arch ;  and  by  rectifying  the  course  at 
each,  your  ship  will  be  conducted  on  the  great  circle, 
pr^the  nearest  way  from  the  port  A  to  Z,  by  the  use 
of  the  globe  only. 
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TERRESTRIAL    GLOBE, 

WHEN   MOUNTED   IM    THS   COMMON   MAMNSI. 

Although  I  have,  in  the  first  part  of  this  Es- 
8ay>  laid  before  my  readers  the  reasons  which  induce, 
me  to  prefer  my  father's  manner  of  mounting  the 
globes  to  the  old  or  Ptolemaic  form,  yet  as  many  may 
be  in  possession  of  globes  mounted  in  the  old  form, 
and  others  may  have  been  taught  by  these  globes,  I 
thought  it  would  render  these  Essays  more  com- 
plete, to  give  an  account  of  so  many  of  the  leading 
problems,  solved  on  the  common  globes,  as  would 
enable  them  to  apply  the  remainder  of  those  hereto- 
fore solved,  to  their  own  use.  This  is  the  more  ex- 
pedient, as,  since  the  publication  of  my  father's  Trea* 
tise,  there  have  been  a  few  attempts  to  do  away  some 
of  the  inconveniences  of  the  ancient  form,  particu- 
larly that  of  the  old  hour-circle,  which  is  now  gene- 
rally placed  under  the  meridian. 

I  cannot,  however,  refrain  from  again  observing 
to  the  pupil,  that  the  solution  of  tlie  problems  on  the 
old  globes  depends  upon  appearances ;  that  there- 
fore, ifne  means  to  content  himself  with  the  mere 
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mechanical  solution  of  them,  the  Ptolemaic  globei 
will  answer  his  purpose ;  but  if  he  wishes  to  have  clear 
ideas  of  the  rationale  of  those  problems,  he  must  use 
those  mounted  in  my  father's  manner. 

The  celestial  globe  is  used  in  the  same  way  in  both 
mountings^  excepting  that  in  my  father's  mounting 
it  has  some  additional  circles ;  but  the  difierence  is 
so  trifling,  that  it  is  presumed  the  pupil  can  find  no 
difficulty  in  applying  the  directions  there  given  to 
the  old  form.* 

Problem  i»     To  find  the  latitude  and  longitude  of 
any  given  place,  on  the  globe. 

Bring  the  place  to  the  east  side  of  the  brass  meri- 
dian, then  the  degree  marked  on  the  meridian  over  it 
shews  its  latitude,  and  the  degree  of  the  equator 
under  the  meridian  shews  its  longitude.  , 

Hence,  if  the  longitude  and  latitude  of  any  place 
be  given  the  place  is,  easily  found,  by  bringing 
the  given  longitude  to  the  meridian ;  for  then  the 
place  will  lie  under  the  given  degree  of  latitude  upon 
the  meridian. 

PioBLEM  II.     To  find  the  difference  of  longitude 
between  any  two  given  places* 

I  Bring  each  of  the  given  places  successively  to  the 
brazen  oaeridian,  and  see  where  the  meridian  cuts  the 

*  A  triBiiig  difference,  will  certainly  sanction,  by  tuition,  tlis 
limplest  fonstruction. — Edit. 


liqUatbr  *aeh'  time ;  the  number' of  degrees  contained 
between  those  two  points^  if  it  b^  less  than  I'SO  dte- 
gife^,  otherwise  the  remainder  to-  S&O  deg.  will  be 
the-  difierence  of  longitade  required; 

Problem  hi.     To  rectify  the  globe  for  the  latitude, 

zenith,  and  surCs  place* 

Find  l&e  latitude  of  the  place  by^  prob.  1,  and  if 
the  place  be  in  the  northern  hemisphere,  elevate 
the  north  pole  above  the  horizon,  according  to  the 
latitude  of  the  place.  I^  the  place  be  in  the  southern 
hemisphere,  elevate  the  south  pole  above  the  south 
point  of  the  horizon,  as  many  degrees  as  are  equal  to 
the  latitude. 

Having  elevated  the  globe  according  to  its  lati- 
tude, count  the  degrees  thereof  upon  the  meridian 
from  the  equator  towards  the  elevated  pole,  and  that 
point  will  be  the  zcfnith,  or  the  vertex  of  the  place ; 
to  this  point  of  thfc  meridian,  fiisten  the  quadrant  of 
altitude,  so  that  the  graduated  edge  thereof  may  be- 
joined  to  the  said  point. 

Having  brought  the  sun*s  place  in  the  ecliptic 
to  the  meridian,  set  the  hour  ihde!x:  to  XH'at  noon, 
and  the  globe  will  be  rectified  to  the'  surfs  place. 

» 
Problem  iv.     The  hour  of  the  day  at  any  place 
being  given,  to  find  all  those  on  the  globe,  where  it  is 
nooriy  midnight,  or  any  given  hour  at  thaPthne. 

On  the  globes,  when  mounted  in  the  cpmmon 
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manner^  it  is  now  customary  to  place  the  houN 
circle  under  the  north  pole ;  }t  is  divided  into  twice 
twelve  hours,  and  has  two  rows  of  figures,  one  run- 
ning from  east  to  west,  the  other  from  west  to  east ; 
this  circle  is  moveable,  and  the  .meridian  answers  the 
purpose  of  an  index. 

Bring  the  given  place  to  the  brazen  meridian,  and 
the  given  hour  of  the  day  on  the  hour  circle ;  turn 
the  globe,  till  the  meridian  points  at  the  hour  de- 
sired ;  then,  with  all  those  under  the  meridian,  it  is 
noon,,  midnight,  or  any  given  hour  at  that  time.* 

Problem  v.  The  hour  of  the  day  at  anyplace 
being  given^  tojind  the  correspondent  hour  (or  what 
o^ clock  it  is  at  that  time)  in  any  other  place* 

*  Another  preferable  method,  which  I  generally  adopt  in  tb« 
Hew  British  Globes^  is  to  place  (}ie  northv horary  circles  and  indexes 
externally  oq  the  meridians,  and  \o  make  the  north  polar  pia 
with  index  to  unscrew,  so  that  the  circle  may  be  slid  to  anf 
part  of  the  ineridian,  to  a'droit  the  entire  free  passage  of  the  brass 
meridian  through  the  horizon,  and  the  circle  to  be  brought  over 
any  place  for  problems  relative  to  bearings,  &c.  upon  the  terres- 
trial globe.    This  method  will  answer  all  the  desired  purposes ; 
and  it  may  be  added,  that  a  learner  need  not  be  under  a  difficulty 
with  any  constructions  of  the  hour  circles  of  any  maker's  globtf 
he  may  not  have  learnt  by,  when  he  has  only  to  consider,  that 
the  place,  star,  planet,  8cc.  is  simply  to  be  brought  to  the  meri- 
dian, and  the  hour-index  set  to  the  giren  time.    For  hour-cirdes 
placed  under  the  meridians,  the  graduated  face  of  the  meridian 
serves  as  the  index.    This  method  has  been  approred^  and  oied 
by  the  most  eminent  preceptors* — ^Edit. 


l3ring  the  given  place  to  the  brazen  meridian^  aiid 
set  the  hour  circle  to  the  given  time ;  then  turn  the 
globe  about^  until  the  place  where  the  hour  is  re* 
quired  conies  to  the  meridian^  and  the  meridian  will 
point  out  the  hour  of  the  tlay  at  that  place. 

Thus^  when  it  is  noon  at  London^  it  is 

H«         Aft* 
r 

At  Rome          -  - 

Constantinople  .  -  - 

Vera  Cruz  -  -  - 

Pekin^  in  China  r,  -  • 

Problem  VI.  The  day  of  the  fnonth  being  given, 
to  Jind  all  those  places  on  the  globe  where  the  sun 
will  he  vertical,  or  in  the  zenith^  that  day.  ^ 

Having  found  the  sun*s  place  in  the  ecliptic  for 
the  given  day^  bring  the  same  to  the  brazen  men* 
dian^  observe  what  degree  of  the  meridian  is  over  it^ 
then  turn  the  globe  round  its  axis^  and  all  places 
that  pass  under  that  degree  of  the  meridian^  will 
have  the  sun  vertical^  or  in  the  zenith^  that  day. 
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Problem  yn.  A  place  being  given  in  the  torrid 
^^one,  to  Jind  those  two  days  of  the  year  on  which  the 
sun  will  be  vertical  to  that  place'* 

Bring  the  given  placeto  the  brazen  meridian,  and 
mark  the  degree  of  latitude  that  is  exactly  over  it 
on  the  meridian;   then  turn  the  globe  about  its 
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axis,  and  bbserve  the  two  points  of  the  eclaftic 
which  |)a^s.  exactly  under  that  degree  of  kditiidei 
awl  Ipok  on  the  borizoi^  for  tl^  two*  dc^s  of  the 
Y^r  in  which  tbo  sun  i»  in  those  paints  or  degrees  of 
the  eclrptixr^  smd  they  are  the  days  required ;  fer  o» 
them,  and  not^e  else,  the  sun's  d^Qlimti&Oi.  is  eiyiatta 
the  latitude  of  the  given  place. 

PnoBLEiM  nrr.     T&J^nd the  antoeciy  peri€sci,aiid'an- 

tipodes  of  any  given  place. 

Bring  the  given  place  to  the  hrazen  rneridiair,  and 
having  found  its  latitude,  keep  the  globe  in  that 
position^  and  count  the  same  number  of  degreei 
of  latitude  on  the  meridian,  from  the  equator  to- 
wards the  contrary  pole,  and  where  the  reckoning 
ends,  that  will  give  the  place  of  the  antoeei  upon 
the  globe.  Those  who  live  at  the  equator  have  no 
antoeci. 

The  globe  remaining  in  the  same  position,  bring 
the  uj^per  XII,  on  the  horary  circle,  to  tAe  men- 
dian,  then  turn  the  globe  about  till  the  meridian 
points  to  the  lower  XI T;  the  place  which  then 
lies  under  the  meridian,  having  the  same  latitude 
with  the  given  place,  is  the  perioeci  required. 
Those  who  live  at  the  poles,  if  any,  havjB  no  pe- 
rioeci. 

As  the  globe  now  stands  (with  the  index  at  the 

Ipwer'XII),  the  antipodes  of  the  given  plaeci  ai^ 
under  the  same  point  of  the  brazer^  meridian  wh*i* 
its  antoe.ci  stood  bi^ore. 
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Problem  ix.  Tojind  at  tchat  Imur  the  }stm  rises 
and  sets  any  day  in  the  year,  at  any  placCj  and  also 
tipen  what  point  of  the  compass. 

Rectify  the  globe  for  the  latitude  of  the  given 
place;  bring  the  sun's  place  to  the  meridian,  and 
bring  the  XII  to  the  meridian ;  then  turn  the  sun's 
place  to  the  eastern  edge  of  the  horizon,  and  the  me- 
ridian will  point  out  the  hour  of  rising ;  if  you  bring 
it  to  the  western  edge  of  the  horizon^  it  will  shew  the 
setting. 

Thusj  on  the  26th  day  of  March,  the  sun  rose  a 
little  past  six,  and  set  a  little  before  six. 

JNote*  In  the  summer  the  sun  rises  and  sets  a  little 
to  the  northward  of  the  east  and  west  points,  but 
in  winter  a  little  to  the  southward  of  them.  If,  there- 
fore, when  the  sun's  place  is  brought  to  the  eastern 
and  western  edges  of  the  horizon,  you  look  .  on  the 
inner  circle,  right  against  the  sun's  place,  you  will 
see  the  point  of  the  compass  upon  which  the  sun  rises 
and  sets  that  day. 

Problem  x.  To  find  the  length  of  the  day  and  night 

at  any  time  of  the  year. 

Only  double  the  time  of  the  sun's  rising  that  day^ 
and  it  gives  the  length  of  the  night ;  double  the 
time  of  bis  setting  and  it  gives  the  length  of  the 

U3 
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This  problem  shews  how  long  the  sun  is  with  its 
on  any  day,  and  how  long  he  is  absent  from  us  en 
any  night. 

Thus  on  the  26th  of  May^  the  sun  rises  about  four, 
and  sets  aSout  eight ;  therefore  the  day  is  sixteen 
hours  long,  and  the  night  eight. 


PaoBLEM  XI.     Tojind  the  length  of  the  longest  or 
shortest  day,  at  any  place  upon  the  earth. 

0 

Rectify  the  globe  for  that  place,  bring  the  ban- 
ning of  Cancer  to  the  ilieridian,  bri,ng  XII  to  the 
ineridian,  then  bring  the  same  degree  of  Career  tp 
the  east  part  of  the  horizon,  and  the  meridian  will 
shew  the  time  of  the  sun*s  rising. 

If  the  same  degree  be  brought  to  the  western  side, 
the  meridian  will  shew  the  setting,  which,  doubledi 
(as  in  the  last  problem)  will  give  the  length  of  the 
longest  day  and  shortest  night.    , 

Jf  ive  bring  the  beginning  of  Capriconi  to  the 
meridian,  and  proceed  in  all  respect^  as  before,  we 
shall  have  the  length  of  the  longest  night  and  shortest 
day. 

Thus,  in  the  Great  Mc^Fs  dominions^  the  lopgeit 
'  day  is  fourteen  hours,  and  the  shortest  night  ten 
hours.  The  shortest  day  is  ten  hours,  and  th^  longest 
night  fourteen  hours. 

At  Petersburgh  the  longest  day  is  about  19i  hours, 
and  the  shortest  night  41  hours ;  t}ie  shortest  day  4\ 
^ours,  and  longest  night  1$%  hours. 
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Note,  In  al]  places  hear  the  equator^  the  sun  rises 
and  sets  at  six  the  year  round.  From  thence  to  the 
polar  circles^  the  days  increase  as  the  latitude  in* 
creases ;  so  that  at  those  circles  themselves,  the  longest 
day  is  twenty-four  hours,  arid  the  longest  night  just 
the  same.  FVom  die  polar  circles  to  the  poles,  the 
days  continue  to  lengthen  into  weeks  and  months ; 
so  that  at  the  very  pole,  the  sun  shines  for  six' 
months  together  in  summer^  and  is  absent  from  it 
six  months  in  winter. 

Note.  That  when  it  is  summer  with  the  northern 
inhabitants,  it  is  winter  WTth  the  southern,  and  the 
contrary ;  and  every  part  of  th^  world  partakes  of  an 
eqiial  share  of  lijght  and  darkness. 


Problem  xii.  To  Jind  all  those  inhabitants  to 
whom  the  sun  is  this  moment  rising  or  setting,  in 
their  meridian  or  midnight. 

Find  the  sun's  place  In  the  ecliptic,  and  raise  the 
pole  as  much  above  the  horizon  as  the  sun  (that  day) 
declines  from  the  equator;  then  bring  the  place 
where  the  sun  is  vertical  at  that  hour,  to  the  brass 
meridian ;  so  will  it  then  be  in  the  zenith  or  centre 
of  the  horizon.  Now  see  what  countries  lie  on  the 
western  edge  of  the  horizon,  for  in  them  the  sun 
i«  rising;  to  those  on  the  eastern  side  he  is  setting; 
to  those  under  the  upper  part  of  the  meridian  it  is 
noon  day ;  and  to  thojse  under  the  lower  part  of  if, 
it  is  midnight 

y  4 


Thus,  on  the  26th  of  April,  at  si;^  p'^oc^  W  the 
C^Y^pg,  2it  Worcester, 

'jThe  s\pi  is  rjbsii^  at  New  Zealand  :  and  to  tboae 
who  .^re  filing  la  the  middle  of  th^  Gmt  So^ 

Sea, 

Th^  Sua  ijs  ^ttiog  ^t  Sweden,  IJijingary,  Italy, 
Tunis,,  in  the  middle  of  Jifegroland  jmd  Cuinea. 

}n  the  meridian  (or  noon)  at  the  middle  of 
^exico.  Bay  pf  IJondura^,  middle  ,of  jp^oricja,  Ca- 
nada, &c. 

It^idnight  at  the  jmiddle  of  Tartary,  JBtsngaj^  India, 
gti^  the  seas  near  the  Suada  isles. 


Problem  xiii.    Tojind  the  beginning  and  end  of 

ttvilightf 
« 

The  twilight  is  that  faint  light  wj^ich  opens  the 
morning  by  little  and  little,  in  the  east,  hefoK  the 
sun  rises ;  and  gradually  shuts  in  the  evening  in  th« 
Tjyest,  after  the  sun  h  set,  |t  arises  from  the  sun's 
jiluminating  j:he  upper  part  pf  the  i^m^spheie,  and 
J)egins  alw?iy3  when  he  approaphes  ivitbin  eighteen 
flegrees  of  the  (Bastern  p^urt  of  fhe  hpr^;9;aii,  aijd  es^ 
ipyhen  he  d^^cends  ipightef  n  degree?  belpw  the  yf^- 
pm ;  when  darjc  ^i^^  cpmmenpps,  aa^  cpntjnu^ 
t;ill  day  breaks  aigain. 

To  find  the  beginning  of  tiyilight,  yectify  ite 
globe ;  turn  the.  dpgttee  of  the  ecliptic,  whidi  is 
opposite  to  th^  ^n^'^  plac^,  till  it  )s  ^pf^t^  eighteen 
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degrees  to  the  quadrant  of  altitude  above,  the  ho* 
fizon  on  the  west^  so  will  the  index  point  this  how 
twilight  begins.*  • 

Thid  short  specimen  of  problems  by.  the  globes, 
las  commonly  mounted,  it  19  pngsumed,  will  besufr 
ficient  to  /enable  the  pupil  to  solve  any  othen 


♦  The  quadrant  of  altitude  is  now  generally  divided  to  ^8°  be* 
^w  Oy  so  that  obsenring  the  san's  place  18°  below  the  horiaBo% 
jfUfL  ff^Ofe  readily  giye  the  4uratiou  of  twilight     EpiT. 
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IPART   IV. 


OF 

THE  USE 

OF   TUC 

CELESTIAL  GLOBE, 

AS  MOUNTEB  IN  THE  COMMON  MANNER. 

1  HE  celestial  globe  is  an  artificial  representation  of 
the  heavens^  having  the  fixed  stars  drawn  upon  it^ 
in  their  natural  order  and  situation ;  whilst  its  rota- 
tion  oHr  its  axis  represents  the  apparent  diurnal  mo- 
tion of  the  sun^  moon^  and  stars,. 

■ 

It  is  not  known  how  early  the  ancients  had  any 
thing  of  this  kind:  we  are  not  certain  what  the 
sphere  oiAtlcLs  or  Musceus  was ;  perhaps  PalamhdeSf 
who  lived  about  the  time  of  the  Trojan  war,  had 
eomething  of  this  kind  ;  for  of  him  it  is  said. 

To  mark  the  signs  that  cloudless  skies  l}esto'Vf, 
To  tell  the  seasons,  when  to  sail  and  plow,    ^ 
He  first  deTised  ;  each  planet's  order  found, 
Its  distance,  period,  in  the  bine  profoundf 

From  Pliny  it  would  seem  that  Hipparc  hus  had 
a  celestial  globe  with  the  stars  delineated  upon  it. 

It  is  not  to  be  supposed,  that  the  celestial  glob^ 
is  so  just  a  representation  of  the  heavc^ns  as  the  ter- 
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Testrial  globe  is  of  the  earth ;  because  here  the  stars 
are  drawn  upon  a  convex  surface,  whereas  they  na-» 
turally  appear  in  a  concave  one.  But  suppose  the 
globe  was  made  of  glass,  then,  to  an  eye  placed  ift 
the  centre,  the  stars  which  are  drawn  upon  it  would 
appear  in  a  concave  surface,  just  as  they  do  in  the 
heavens.  ^ 

Or  if  the  reader  was  to  suppose  that  holes  Were 
made  in  each  stai^  and  an  eye  placed  in  the  centre 
of  the  globe,  it  would  view,  through  those  holes,  the 
^Bame  stars  in  the  heavens  that  they  represent. 

As  the  terrestrial  globe,  by  turning  on  its  axis, 
represents  the  real  diurnal  motion  of  the  earth,  so 
the  celestial  globe,  by  turning  on  its  axis,  represents 
the  apparent  diurnal  motion  of  the  heavens. 

For  the  sake  of  perspicuity,  and  to  avoid  continual 
references,  it  will  be  necessary  to  repeat  here  some 
iarticles  whirh  have  been  already  mentioned. 

The  eciiptic  is  that  graduated  circle  which  crosses 
.  the  equator  in  an  angle  of  about  23^  d^.  and  the 
angle  is  called  the  obliquity  of  the  ecliptic* 

This  circle  is  divided  into  twelve  equal  parts,  con- 
sisting of  30  degrees  each ;  the  beginning  of  them 
ftrB  marked  with  characters,  representing  the  twelve 
pigns. 

Aries  Tj  Taurus  y  *  Gemini  H,  Cancer  23,  Leo  SI., 
Virgo  TTjf,  Libra  :e:,  Scorpio  HI,  Sagittarius  J ,  Ca- 
pricomus  Vy,  Aquarius  jx:,  Pisces  )< . 

Upon' my  father's  globes,  just  under  the  ecliptic, 
^h^  Qipnthi  a»4  days  of  ^s^qh  ipontli,  are  grstduated. 
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for  the  readier  fixing  the  artificial  sun  upon  its  plm 
in  the  ecliptic* 

The  two  points  where  the  ecliptic  crosses  tte 
fquinoptial  (the  circle  that  answers  to  the  equator 
on  ^b^  terrestrial  globe)  are  called  the  equinocHai 
points ;  they  are  at  the  begiai(>ing  of  Aries  and  Li-r 
bra,  and  ^re  so  called^  because  when  the  sun  is  in 
either  of  them,  the  day  and  night  is  every  where 

pqual. 

The  first  points  of  Cancer  and  Capricorn  are  called 
solstitial  points ;  because,  when  the  sun  arrives  at 
either  of  them^  he  seems  to  standi  in  a  manner  still 
tor  several  days^  in  respect  to  his  distance  from  the 
^uinoctial ;  when  he  is  in  one  solstitial  point,  he 
makes  to  us,  the  longest  day ;  when  in  the  other,  tht 
longest  night. 

The  latitude  and  longitude  of  stars  are  determined 
from  the  ecliptic. 

The  longitude  of  the  stars  and  planets  is  reckoned 
upon  the  ecliptic;  the  numbers  beginning  at  tb^ 
first  points  of  Aries,  where  the  ecliptic  crosses  tlift 
equator,  and  increases  according  to  the  order  of  the 
rigns. 

Tims,  suppose  the  sun  to  be  in  the  tenth  degree  of 
Leo,  we  say,  his  longitude,  or  place,  is  four  signs, 
ten  degrees ;  because  he  has  already  passed  the  four 
signsy  Aries,  Taurus,  Gemini^  Cancer,  apd  is  tm  de- 
grees in  the  fifth. 

The  latitude  of  the  stars  and  planets  is  determined 
hy  their  distance  from  the  ecliptic  upon  a  secondary 
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0r  great  circle  passing  tJirough  its  poleHi^  and  cros»* 
ing  it  at  right  angles. 

Twenty-four  of  these  circular  lines,  which  cross 
the  ecliptic  at  right  angles,  being  fifteen  degrees 
from  each  oth^,  are  drawn  upon  the  surface  o£  oun 
celestial  glebe ;  which  being  produced  bodi  ways^ 
those  on  one  side  meet  in  a  point  on  the  northern 
poUtr  circle,  and  those  on  the  other  meet  in  a  point 
on  the  southern  polar  circle. 

The  points  determined  by  the  meeting  of  these 
circles  are  called  the  poles  of  the  ecliptic,  one  north, 
the  other  south. 

From  these  definitions  it  foHows,  that  longitude 
and  latitude,  on  the  celestial,  globe,  bear  just  the 
same  relation  to  the  ecliptic,  as*  they  do  on  the  ter* 
restrial  globe  to  the  equator. 

Thus,  as  the  longitude  of  places  on  the  earth  ia 
measured  by  degrees  upon  the  equator^  counting 
from  the  first  meridian ;  so  the  longitude  of  the 
heavenly  bodies  is  measured  by  degrees  upon  the 
ecliptic,  counting  from  the  first  point  of  Aries« 

And  as  latitude  on  the  earth  is  measured  by  de- 
grees upon  the  meridian  >  counting  from  the  equator ; 
fio  the  latitude  of  the  heavenly  bodies  is  measured  :by 
degrees  upon  a  circle  of  longitude,  counting  either 
north  or  south  from  the  ecliiptic. 

The  sun,  therefore,  has  no  latitude,  being,  always 
in  the  ecliptic  ;  nor  do  we  usually  speak  of  his  longi- 
tude, but  rather  of  his  place  in  the  ecliptic,  ex- 
pressing  it  by  such  a  d^.  and  min.  of  sucha^sign^  as 
5,  degi  of  Tauru$,  instead  of  35  d^.  of  lojn^tudei 
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The  distance  of  anylieavenly  body  from  llie  etfdu 
noctial^  measured  upon  the  meridian^  is  called  its  dei*^ 
dination. 

Therefore,  the  sun  s  declination,  north  or  souths 
at  any  time,  is  the  same  as  the  latitude  of  any  place 
to  which  he  is  th^h  vertical,  which  is  nevermore 
than  23?  degrees. 

Therefore  all  parallels  of  declination  on  the  celes- 
tial globe  are  the  very  saine  as  parallels  of  latitude 
on  the  terrestriaL 

Stars  may  have  north  latitude  and  south  declina- 
tion, and  vice  versa. 

That  which  is  called  longitude  on  the  terrestrial 
globe,  is  called  right   ascension  on  the  celestial;. 
namely,  the  sun  or  starts  distance  from  that  meridian 
which  passes  through  the  first  point  of  Aries,  counted 
on  the  equijioctial. 

Astronomers  alsa  speak  of  oblique  ascension  and 
iescension^  by  which  mean  the  distance  of  that  point 
df  the  equinoctial  from  the  first  point  of  Aries,  which^ 
in  an  oblique  sphere  rises  and  sets  at  the  same  time* 
that  the  sun  or  star  rises  or  sets^ 

Ascensional  difference  is  the  difference  betwixt 
right  and  oblique  ascension.  '  The  sun's  ascensional 
difference  turned  into  time,  is  just  so  much  as  he 
rises  before  or  after  six  o'dock* 

Tlie  celestial  signs  and  constellations  on  the  surface 
of  the  celestial  globe,  are  represented  by  a  variety  of 
human  and  other  figures,  to  which  the  stars  that  are 
cither  in  or  near  them,  are  referred. 

TTie  several  systems  of  stars,  which  are  applied  t<r 
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tkose  images^  are  calljed  constellations.  Twelve  of 
these  are  represented  on  the  ecliptic  circle,  and  ex- ' 
tend  both  northward  and  southward  from  it.  So  manj ' 
of  those  stars  as  fall  within  the  limits  of  8  degrees  on  ^ 
both  sides  the  ecliptic  circle^  togedier  with  such  parts 
of  their  images  as  are  contained  within  the  aforesaid  • 
bounds,  constitute  a  kind  of  broad  hoop,  .belt,  or' 
girdle,  which  is  called  the  zodiac.  y 

The  names  and  the  respective  characters  of  the  ' 
twelve  signs  of  the  ecliptic,  may  be  learned  by  in— ^ 
spection  on  the  surface  of  the  broad  paper  circle,  and 
the  constellations  from  the  globe  itself. 

The  zodiac  is  represented  by  eight  circles  parallel ' 
to  the  ecliptic,  on  each  side  thereof ;  these  circles  are ' 
CHie  degree  distant  from  each  other,  so  that  the  whole ' 

breadth  of  the  zodiac  is  sixteen  degrees. 

Amongst  those  parallels,  the  latitude  of  the  planets 

19  reckoned;  and  in  their  apparent  motion  they 

never  exceed,  the  limits  of  the  zodiac. 

On  each  side  of  the  zodiac,  as  we  observed,  other 

O>nstellations  are  distiqguished  ;  those  on  the  north 

side  are  called  northern,  and  those  on  the  south  ^ide 

of  it,  southern  constellations. 


OF  THE  PRECESSION  OF  THE   EUUINOXES. 

All  those  stars  which  compose  these  constellations, 
are  supposed  to  increase  their  longitude  continually ; 
upon  which  supposition,  the  whole  starry  firmament 
has  a  slow  motion  from  west  to  east ;  insomuch  that 
the  first  star  in  the  constellation  of  Aries,  which  i^ 


psared^  m  the  vemdl  iiitei*8ection  of'  tliie  e^srtdf  stud 
ecliptic  ia  the  time  of  Methn,  the  Athehian;  up^- 
warder  of  1 960  years  ago^  is  now  removedl'  ahont  3a 
^l^pees  from  it. 

This  change  of  the  stfets  in  longithtfei  \/«1ri<?fi  fiajt 
Bbw become  sufficiency  apparent,  isdwing to  a  small 
retrograde  motion  of  the  equinoctial  points^  of  about 
50  seconds  in  a  year,  which  is  occasioned  by  the  at- 
tiaetion  of  the  sun  and-  moon  upori  the  protuberant 
matter  about  tiBeequator.  The  same  cause  also  oc- 
casions a  small  dfeviatlon  in  the  pai^Helism  of  the 
earth's  axis,  by  wiiidh'  it  i^  eontimially  directed'  to- 
vfards^  difierent  points  in  the  heavens^  and^  makes-  a 
complete  revolution  round*  the  ecliptic,  in  about 
25,920  years*  The  former  o(  these  motion^  is  callef 
the  precession  cf  the  equinoxes y  the  latter  the  nttte- 
tion  of  the  eartJis  axis^.  Pn  consequence  of  this  shift- 
ing of  the  equinoctial  points>  an  alteration-has  taKen 
place  in  the  signs  of  the  ecliptic ;  those  stars^  which, 
ific  the  infancy  of  astronomy  wefe  in  Aries,  being  now 
got  into  Taurus,  those  of  Taurus  into  Gemini^  &c.  so' 
that  the  stars  which  rose  and  set  at  any  particular  sea- 
son of  the  year,  in  the  times  of  Jiesiody  Eudooces^  and 
Ftrgil,  will  not  at  present  answer  the  description 
given  of  them  by  those  writers. 

Problem  i.  To  represent  the  motion' of  the  eqid* 
npctial  points  backwards,  ■,  or  in  antecedentiiXy  upo^ 
the  celestial  ^lohe^ 

SSivate  the  north  poie^  so  that  iti  axis  may  be 
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J)erpeudiQular  to  the  plaue  of  the  broad  paper  cirde, 
and  the  equator  will  then  be  in  the  same  plane ;  let 
these  represent  the  ecliptic,  and  then  the  poles  of  the 
globfe  wiii  also  represent  those  of  the  ecliptic  ;  the 
.ecliptic  line  upon  the  globe  will^  at  the  sanid  time 
repreSpat  the  equator,  inclined  in  an  angle  of  231  de- 
grees,to  the  broad  paper  circle  now  called  the  ecliptic, 
and  cutting  it  in.  two  points,  which  are  called  the 
equinoctie^  intersections. 

Now  if  you  turn  the  globe  slowly  round  upon  its 
axis,  from  east  to  west,  while  it  is  in.  this  position, 
these  points  of  intersection  will  move  round  the  same 
way ;  and  the  inclination  of  the  circle,  which  in  shew- 
ing this  motion  represents  the  equinoctial,  will  not 
be  altered  by  such  a  revolution  of  the  intersecting  or 
equinoctial  points.  This  motion  is  called  the  pre- 
cession of  equinoxes,  because  it  carries  the  equinoc- 
tial points  backwardis  amongst  the  fixed  stars. 
'  The  poles  'of  the  ivorld  seem  to  describe  a  circle 
from  east  to  west,  round  the  poles  of  the  ecliptic, 
arising  from  the  precession  of  the  equinox.  It  is  a 
very  slow  motion,  for  the  equinoctial  points  take  up 
72  years  to  move  one  degree,  and  therefore  they  are 
25,920  years  in  describing  36o  degrees,  or  complet- 
ing a  revolution. 

This  motion  of  the  poles  is  easily  represented  by 
the  above  described  position  of  the  globe,  in  which, 
if  the  reader  remembers,  the  broad  paper  circle  re- 
presents the  ecliptic,  and  the  axis  of  the  globe  be- 
ing perpendicular  thereto,  represents  the  axis  of  the 
ecliptic ;  and  the  two  points  where  the  circular  lines 
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meet  will  represent  the  poles  of  the  world,  whence, 
as  the  globe  is  slowly  turned  from  east  to  west,  these 
points  will  revolve  the  same  way  about  the  poles  of 
the  globe,  which  are  heri  supposed  to  represent  the 
poles  of  the  ecliptic.  The  axis  of  the  world  may  re- 
volve as  above,  although  its  situation,  with  respect 
to  the  ecliptic,  be  not  altered ;  for  the  points  here 
supposed  to  represent  the  poles  of  the  world,  will 
always  keep  the  same  distance  from  the  broad  paper 
circle,  which  represents  the  ecliptic  in  this  situation 
of  the  globe.* 

From  the  different  degrees  of  brightness  in  the 
stars,  some  appear  to  be  greater  than  other?,  or 
nearer  to  us :  on  our  celestial  globe  they  are  distin- 
guished into  seven  different  magnitudes. 

*  A  globe  is  sometimes  mounted  urith  an  apparatus  pecolMrlj 
for  this  pui-pose,  and  is  the  best  adapted  to  convey  a  sufficient  idea 
of  thir  curious  phenomenon,  and  which  I  hare  already  n^ 
clearly  explained  in  page  174. 
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Of 

THE  USE 


OF  THE 


CELESTIAL  GLOBE, 

IS  .THE  SOLUTION   OF 

PROBLEMS  RELATIVE  TO  THE  SUN. 


Every  thing  that  relates  to  the  sun  is  of  such  im- 
portance to  man^  that  in  all  things  he  claims  a  na- 
tural pre-eminence.  The  sun  is  at  once  the  most 
beautiful  emblem  of  the  Supreme  Being,  and  un- 
der his  influence,  the  fostering  parent  of  worlds ; 
being  present  to  them  by  his  rays,  cheering  them  by 
his  countenance,  cherishing  them  by  his  heat,  adorn- 
ing them  at  each  returning  spring  with  the  gayest 
and  richest  attire,  illuminating  them  with  his  light, 
and  feeding  the  lamp  of  life. 

To  the  ancients,  he  was  knowh  under  a  variety  of 
names^  each  characteristic  of  his  different  effects ; 
he  was  their  Hercules,  the  great  deliverer,  the  re- 
storer of  light  out  of  darkness,  the  dispenser  of  good, 
continually  labouring  for  the  happiness  of  a  depraved 
race.  He  was  the  Mithra  of  the  Persians,  a  word 
derived  from  love^  or  mercy,  because  the  whole  world 
is  cherished  by  him,  and  feels,  as  it  were,  the  effects 
«f  his  love. 

X  2 
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In  the  sacred  scriptures,  the  original  source  of  all 
emblematical  writings,  our  Lord  is  called  our  sun, 
and  the  sun  of  righteousness ;  and  as  there  is  but 
one  sun  in  the  heavens,  so  there  is  but  one  traeGod, 
the  maker  and  redeemer  of  all  things^  the  light  of  the 
understanding,  and  the  life  of  the  soul. 

As  in  scripture  our  God  is  spoken  of  as  a  shield 
and  buckler,  so  the  sun  is  characterized  by  this 
mark  ©,  representing  a  shield  or  bnckler,  the  middle 
point  the  umbo,  oe  boss  ;  because  it  is  love,  or  life, 
which  alone  can  protect  from  fear  and.  death. 

His  celestial  rays,  like  those  of  the  sun,  take  their 
circuit  round  the  earth ;  there  is  no  comer  of  it  so 
remote  as  to  be  without  the  reach  of  their  vivifying 
and  penetrating  power.  As  the  material  light  is  al- 
ways ready  to  run  its  heavenly  race,  and  daily  issues 
forth  with  renewed  vigour,  like  an  invincible  cham- 
pion, still  fresh  to  labour;  so  likewise  did  our  redeem- 
ing God  rejoice  to  run  his  glorious  race,  he  excelled 
in  strength,  and  triumphed,  and  continues  to  triumph 
over  all  the  powers  of  darkness,  and  is  ever  manifest- 
ing himself  as  the  deliverer,  the  protector,  the  friend, 
and  father  of  the  human  race** 


Problem  ii.     To  rectify  the  Celestial  Globe. 

To  rectify  the  celestial  globe,  is  to  put  it  in  thS* 
position  in  which  it  may  represent  exactly  tiie  i^** 
rent  motions  of  the  heavens. 

♦  Horne^  on  the  Psalms. 
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In  drfferent  places  the  position  will  vary,  and  that 
according  to  the  different  latitudes  of  the  places. 
Therefore,  to  rectify  for  any  place,  find,  first,  by  the 
terrestrial  globe,  the  latitiidie  of  that  place.. 

The  latitude  of  the  place  being  found  in  degrees, 
elevate  the  pole  of  the  celestial  globe  the  same  number 
of  degrees  and  minutes  above  the  plane  of  the  hori- 
zon, for  this  is  the  name  given  to  the  broad  paper 
circle,  in  the  use  of  the  celestial  globe"'. 

Thus,  the  latitude  of  London  being  51^  degrees, 
let  the  globe  be  moved  till  the  plane  of  tiie  horizon 
cuts  the  meridian  in  that  point. 

The  next  rectification  is  for  the  sun's  place, 
which  may  be  performed  as  directed  in  Prob.  xxix ; 
or  look  for  the  day  of  the  month  close  under  the 
ecliptic  line,  against  which  is  the  sun's  place ;  place 
the  artificial  sun,  or  small  paper  patch,  over  that 
point,  then  bring  the  sun's  place  to  the  graduated 
edge  of  the  strong  brazen  meridian,  and  set  tlie  hour 
index  to  the  most  elevated  XII. 

Thus^  9H  the  S4th  of  May  the  sun  is  in  3  J^  de- 
grees of  Gemini,  and  is  situated  near  the  Bull's  eye. 
and^the  sciYen  9tar8,  which  are  not  then  visible  on  ac* 
count  of  bi^iuperior  light.  If  the  sun  were  oh  that 
d^y  to  sttfiibr  a  total  eclipse,  these  stars  would  then  be 
eeea  iMning  with  tlieir  accustomed  brightness, 

Laatly,  Set  tiie  nfieridi^n'of  th^  globe  north  and 
south  by  tlije  coRipft^s, 

And  the  globe  will  be  rectified,  o^  put  into  a  sipi-^ 
lar  positic^  to  the  co^qw^  snvfaife  9(.  the  heavejwjg 
for  th^  givi^n  latitude. 
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Problem  hi.    To  find  the  tight  ascension  and  it* 
clination  of  the  sun,  for  any  day. 

Bring  the  sun's  place  in  the  ecliptic  for  the  given 
day  to  the  meridian,  and  the  degree  of  the  meridian 
direptly  over  it  is  the  sun's  declination,  for  that  day 
^  noon.  The  point  of  the  equinoctial  cut  by  the 
meridian,  when  the  ^suii's  pl^c^  is  under  it,  will  be 
the  right  ascension. 

Thus,  April  I9,  the  sun's  declination  is  IT  14' 
north,  his  right  ascension  27"*  30'.  On  the  first  of 
December,  the  sun's  declination  is  21°  54'  south, 
right  ascension  347®  60'. 

■  %  • 

Problem  iv.  To  find  the  suns  oblique  ascension 
qjnd  descension,  its  eastern  and  western  amplitude, 
and  time  ofrlsh)g  and  settings  on  any  given  tinie, 
in  any  given  place. 

HI 

1 .  Rectify  the  globe  for  the  latitude,  the  zenidi, 
and  the  sun's  place.  2.  Bring  the  sutfs  place  to 
the  eastern  side  of  the  horizon ;  then  the  number  of 
degrees  intercepted  between  a  degree  of  thfe  equinoc- 
tial at  the  horizon,  and  the  beginning  of  Aries  is  the 
sun  s  oblique  ascension.  3.  The  number  of  degrees 
on  the  horizon  intercepted  between  the  east  p6int 
and  the  sun's  place,  is  the  eastern  or  rising  amplitude. 
4.  The  hour  shewn  by  the  index  is  the  time  of  sun- 
rising.  5.*~Garry  the  sun  to  the  western  side  of  the 
horizon,  and  you  in  the  same  manner  obtsiin  the 


PROBLEMS.  327 

oblique  desceilsion^  western  aipplitude^  and  time  of 
setting.     Thus^  at  London^  May  1, 

The  sun's  oblique  ascension    -  ^18^  48' 

Eastern  amplitude      -  -     24  57  N 

w 

Time  of  rising   -        -  •  '    4  h  40  m 

Oblique  descension     -  -  257*^  7' 

Western  amplitude     -  -     26  9 

Time  of  setting          *  -      7 1^  '^  "^ 


Problem  v.    Tojind  the  sun*s  meridian  altitude. 

Bectiiy  the  globe  for  the  latitude^  zenith^  and  sun*s 
place ;  and  when  the  sun's  place  is  in  the  meridian^ 
the  degrees  between  that  point  and  the  horizon  are 
its  meridiati  altitude.  Thus^  on  May  1 7>  at  London^ 
the  meridian  altitude  of  the  sun  is  57''  56', 


Problem  vi.    Tojind  the  length  of  any  day  in  the 

•  *  * 

year,  in  any  hititude  not  exceeding  6G\  degrees. 

Elevate  the  celestial  globe  to  the  latitude^  and  set 
the  centre  of  the  artificial  sun  to  his  place  upon  the 
ecliptic  line  on  the  globe  for  the,  given  day,  and 
bring  its  centre  to  the  strong  brass  meridian^  placing 
the  horary  index  to  that  XII  which  is  most  elevated ; 
then  turn  thie  globe  till  the  artificial  sun  cuts  the 
eastern  edge  of  the  horizon,  and  the  horary  index 
will  shew  the  time  of  sun-rising ;  turn  it  to  the  west* 
em  side,  and  you  obtain  the  hour  of  sun-setting. 

The  length  of  the  day  and  night  will  be  obtained 

X4 
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by  doubling  the  time  of  sun-rising  and  setting,  ai 
before. 


Frobi^em  VII.  Tojindthe  length  of  the  longest 
and  shqrtest  days  in  any  latitude  that  does  not  a- 
ceedi  66  \:  degrees . 

Elevate  the  globe  according  to  the  latitude^  and 
place  the  centre  of  the  artificial  sun  for  the  longest 
day  upon  the  first  poi|it  of  Cancer;  but  for  the. 
shortest  day  upon  the  first  point  of  Capricorn :  then 
proceed  as  in  the  lant  problem. 

.  But  if  the  place  hath  south  l^itude^  the  sun  is  in 
the  first  point  of  Capricorn  on  their  longest  day^  an^ 
}n  the  first  point  of  Cancer  on  thei^  shortest  day. 


Pkobwmvih.  To  jmd  the  latitude  of  a  place^ 
in  which  its  longest  day  mcfy  be  of  any  given  kngtl\ 
petween  twelve  and  twenty^Jour  ^oters^ 

Set  the  artificial  sui^  to  the  first  poiqt  of  C^nc^r, 
bring  its  centre  to  the  strong  brass  meridian^  and  set 
the  horary  index  to  XII ;  turn  the  glob^  till  it  points 
to  half  the  number  of  the  given  hours  and  minute^  j 
then  elevate  or  depress  the  pole  till  the  artificii^l  suq 
coincides  vi^ith  the  horizon,  and  that  elevation  pf  the 
pole  is  the  latitude  require^t 


Propj-ei*  ix>  To  find  tfw  time  of  the  suifs  rising 
md  setting,  th^  length  of  the  day  ahdnJght,  on  any 
place  whose  latitude  lies  between  the  polar  circles  i 
atid  also  the  length  of  the  shortest  day  in  any  of 
fkose  latitudes,  and  in  what  climate  they  are^ 

Bectify  the  globe  to  th^  Jatitude  of  the  given  place^ 

-fXiA  bring  the  artificial  sun  tojbia  pl?ice  in  the  ecliptic 

for  the  given  day  of  the  month  ;  and  thea  bring  its 

centre  undpr  the  strong  brass  meridian,  and  set  the 

Jiorary  index  to  that  XII  which  is  most  elevated. 

Then  bring  the  ceptre  of  the  artificial  sqn  t6  the 
pastern  part  of  the  broad  paper  cirde,  which  in  this 
pase  represents  the  horizon,  and  the  horary  index 
$hews  thje  tiine  pf  the  sun-rising ;  turn  the  artificial 
3un  to  the  western  side,  and  th?  Horary  i^dex  will 
phew  the  time  of  the  sun-setting. 

Doubly  the  tiipe  of  sun-rising  is  the  length  of  the 
'  night,  and  the  double  of  tl^at  of  sun-settings  ^s  the- 

Jength  of  t^he  day. 

Thus,  pn  the  5th  day  of  Jun^,  the  sup  rises  at  3h. 
40m.  and  sets  at  §h.  20m. ;  by  doubling  each  num- 
ber  it  will  appear,  that  the  length  of  this  day  is  l6h. 
40m.  an4  tha^t  of  the  night  7h.  20in. 

The  longest  <iay  ^^  »U  plapes  in  north  latitude,  w 
^hen  the  §un  is  in  the  first  point  of  Cancer :    And, 

The  longest  day  to  those  in  south  latitude,  is  when 
^he  sun  is  ih  tlie  first  point  of  Capricorn. 

Wherefore,  the  globe  being  rectified  as  aboyc,  an4 
the  artificial  sun  nlaced  to  the  first  point  of  Cancer, 
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and  brought  to  the  eastern  edge  of  the  broad  paper 
circle,  and  the  horary  index  being  set  to  that  XII 
which  is  most  elevated^  on  turning  the  globe  from 
east  to  west^  until  the  artificial  sun  coincides  with 
the  western /edge,  the  number  of  hours  counted, 
which  are  passed  over  by  the  horary  index,  is  the 
length  of  the  longest  day ;  their  complement  to  24 
hours,  gives  the  length  of  the  shortest  night* 

If  twelve  hours  be  subtracted  from  the  length  of 
the  longest  day,  and  the  remaining  hours  doubled, 
you  obtain  the  climate  mentioned  by  ancient  histo- 
rians ;  and  if  you  take  half  the  climate,  and  add 
thereto  twelve  hours,  you  obtain  the  length  of  the 
longest  day  in  that  climate.  This  holds  good  for 
every  climate  between  the  polar  circles. 

A  climate  is  a  space  upon  the  surface  of  the  earth, 

r 

contained  between  two  parallels  of  latitude,  so  far 
distant  from  each  other,  that  the  longest  day  in  one, 
difTers  half  an  hour  from  the  longest'  day  in  th^ 
ether  paralleL 

*  ■ 

« 

Problem  x.  The  latitude  of  a  place  being  given 

m  one  ojthe  polar  circles ^  (suppose  the  northern)  to 

Jind  what  number  of  days  (of  24  hours  each}  the  sun 

doth  constantly  shine  upon  the  same^  how  long  he  is 

absent j^  and  also  thejirst  and  last  day  of  his  appear- 

ance. 

>  t 

Having  rectified  die  globe  according  .to  the  lati- 
thde,  turn  it  about  until  some  point  in  the  first 
quadrant  of  the  ecliptic  (because  the  latitude  isilorth) 
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intersects  the  meridian  in  the  north  point  of  the  hori- 
zon :  and  right  against  that  point  of  the  ecliptic,  on 
the  horizon,  standi  the  day  of  the  month  when  the 
longest  day  begins. 

And  if  the  globe  be  turned  ;about  till'  some  point 
in  the  second  quadrant  of  the  ecliptic  cuts  the  me- 
ridian in  the  same  point  of  the  horizon,  it  will  shew 
the  sun's  place-when  the  longest  day  ends,  whence 
the  day  of  the  month  may  be  found,  as  before  ;  then 
the  number  of  natural  days  contained  between  the 
times  the  longest  day  begins  and  ends,  is  the  length 
of  the  longest  day  required. 

Again,  turn  the  globe  about,  until  some  point  in 
the  third  quadrant  of  the  ecliptic  cuts  the  meridian  in 
the  south  part  of  the  horizon  ;  that  point  of  the  eclip- 
tic will  give  the  time  when  the  longest  night  begins.  . 

Lastly,  turn  the  globe  about,  until  some  point  in 
the  fourth  quadrant  of  the  ecliptic  cuts  the  meridian 
in  the  south  point  of  the  horizon  ;  and  that  point  of 
the  ecliptic  will  be  the  place  of  the  sun  when  the 
longest  night  ends. 

Or,  the  time  when  the  longest  day  op  night  be- 
gins being  known,  theiir  end  may  be  found  by 
counting  the  number  of  days  from  that  time  to  the 
succeeding  solstice ;  then  counting  the  same  number 
of  days  from  the  solstitis^Iday,  will  give  the  time  when 
\t  ends. 


333  PiiOBIXMS. 


OF  THE   EUUATION  OF  TIME* 

It  is  not  possible,  in  a  treatise  of  this  kind,  to 
center  into  si.  disquisition  of  the  nature  of  time.  It 
is  sufficient  to  observe,  that  if  we  would  with  exact- 
ness estimate  the  quantity  of  any  portion  of  infinite 
duratio)[>,  or  convey  an  id^  of  the  same  to  others,  we 
make  use  of  such  known  measures  as  have  been 
originally  borrowed  from  the  motions  of  the  heavenly 
b<Hiiesl  r  It  is  true,  none  of  these  motions  are  ex- 
actly equal  and  uniform,  but  are  subject  to  some 
sm^U  hr?gularitif:s,  whiich,  though  of  no  Consequence 
in  thp: affairs  of  civil; life,  must  b^  taken  into  the 
acCOH^t  in  astronomical  calcubitions.  There  are 
otligr  ixri^ularities  of  more  importance,  pne  of  which 
is  in  the  inequality  pf  the  natural  day.    , 

..It  is  £1  consideration  that  cannot  be  reflected  upon 
wi|:hoi|t  §urpfize-^  that  wherever  we  look  for  com- 
jnensnrabilities  and  equalities  in  nature,  w^  aire  al- 
ways disappointed.  The  earth  is  spherical,  but  not ' 
perfectly  so ;.  the  summer  is  unequal^  when  com- 
p^(iwith  the  winter;  the  ecliptic  disagrees  with 
the  equator,,  and  never  cuts  it  twice  in  the  same 
equinoctial  point,  The  orbit  of  the  earth  bas  an 
eccentricity  nioi;e  than- double  in  proprntion  to  the 
spheroidity  of  its  globe ;  no  number  of  the  revolun 
tions  of  the  moon  coincide  with  any  number  of  the 
revolutions  of  the  earth  in  its  orbit ;  no  two  of  the 
planets  measure  one  another :  and  thus  it  is,  wher- 
ever  we  turn  our  thoughts,  sordifFerent  are  the  views 


of  the  Creator  from  our  narrow  conception  of  things ; 

,   where  we  look  for  commensuration;^  we  find  vsiriety 
and  infinity,   . 

Thus  ancient  astronomers  looked  upon  the  motion 
of  the  sun  to  be  sufliciently  regular  for  the  mensu- 
ration of  time ;  but,  by  the  accurate  observations  of 
later  astronomers,  it  is  founds  that  neither  the  days, 
nor  even  the  hours,  as  measured  by  the  sun's  ap- 
parent motion,  are  of  an  equal  length,  on  two  ac- 
counts. 

1st,  A  natural  or  solar  day  of  24  hours,  is  that 
space  of  time  the  sun  takes  up  in  passing  from  any 
particular  meridian  to  the  same  again ;  but  one  re- 
volution of  the  earth,  with  respect  to  a  fixed  star,  is 
performed  in  23  hours,  b6  minutes,  4  seconds ; 
therefore  the  unequal  progression  of  the  earth 
through  her  elliptical  orbit,  (as  she  takes  almost  eight 
days  more  to  run  through  the  northern  half  of  the 
ecliptic,  than  she  does  to  pass  through  the  southern) 
is  the  reason  that  the  length  of  the  day  is  not  exactly 
equal  to  the  time  in  which  the  earth  performs  its 
rotation  about  its  axis. 

2d.  From  the  obliquity  of  the  ecliptic  to  the 
equator,  on  which  last  we  measure  time ;  and  as  equal 

•  proportions  of  oiie  do  not  correspond  to  equal  portions 
of  the  other,  the  apparent  motion  of  the  sun  would 
not  be  uniform  ;  or,  in  other  words,  these  points  of 
the  equator  which  come  to  the  meridian,  with  the 
plaee  of  the  sun  on  different  days,  woul^  not  be  at 

f  equal  distances  from  each  otheiy 


\ 
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« 

Problem  xt.  To  illustrate^  hy  the' globe^  s& 
much  of  the  equation  of  time  04  is  in  consequence  of 
the  suTfis  apparent  motion  in  the  ecliptic. 

Bring  every  tenth  degree  of  the  ecliptic  to  the  gra- 
duated side  of  the  strong  brass  meridian,  and  yon 
will  find  that  each  tenth  degree  on  the  eqoator  will 
not  come  thither  with  it ;  but  in  the  following  order 
from  T  to  25,  every  tenth  degree  of  the  ecliptic 
comes  sooner  to  the  strong  brass  meridian  than  their 
corresponding  tenths  on  the  equator ;  those  in  the 
second  quadrant  of  the  ecliptic,  from  25  to  £}=,  come 
later  j^jfrom  iCb  to  vy,  sooyer ;  and  from  Vy  to  Tr> 
later ;  whilst  those  at  the  beginning  of  each  qua* 
drant  come  to  the  meridian  at  the  saitie  time  ; 
therefore  the  sun  and  clock  would  be  equal  at  these 
four  times,  if  the  sun  was  not  longer  in  passing 
through  one  half  ^f  the  ecliptic  than  the  other,  and 
the  two  inequalities  joined  together,  compose  that 
difference  which  is  called  th,e  equation  of  time. 

These  causes  are  independent  of  each  other,  some- 
times they  agree,  and  at  other  times  are  contrary  to 
one  another. 

The  inequality  of  the^natural  day  is  the  cause  that 
clocks  or  watches  are  sometimes  before,  and  some-* 
times  behind  the  sun. 

A  good  and  well-regulated  clock  goes  uniformly 
on  throughout  the  year,  so  as  to  mark  the  eq^al 
hours  of  a  natural  day  of  a  mean  length ;  a  sun-dial 
marks  the  hours  of  every  day  in  such  a  manner,  that 
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every  ^  hour  is  a  24th  part  of  the  time  between  the 
noon  of  that  day,  and  the  noon  of  the  day  inimedi* 
ately  following.  The  time  measured  by  a  clock  is 
called  equal  or  true  time ;  that  measured  by  the  sun- 
dial apparent  time. 


THE   USE   OF  THE    CELESTIAL    GLOBE,    IN    PROBLEMS 
RELATIVE  TO  THE   FIXED  STARS- 

The  use  of  the  celestial  globe  is  in  no  instance 
more  conspicuous  than  in  the  problems  concerning 
the  fixed  stars.  Among  many  other  advantages^  it 
will,  if  joined  with  observations  on  the  stars  them- 
selves, render  the  practice  and  theory  of  other  pro- 
blems easy  and  clear  to  the  pupil,  and  vastly  facilitate 
bis  progress  in  astronomical  knowledge- 

The  heavens  are  as  much  studded  over  with  stars 
in  the  day  as  in  the  night ;  only  they  are  then  ren- 
dered invisible  to  us  by  the  brightness  of  the  solar 
rays.  But  when  this  glorious  luminary  descends 
^)elow  the  horizon,  they  begin  gradually  to  apjjear ; 
when  the  sun  is  about  1 2  degrees  below  the  horizon, 
stars  of  the  first  magnitude  become  visible ;  when  he 
is  thirteen  degrees,  those  of  the  second  are  seen ; 
when  fourteen  degrees  those  of  the  third  magnitude 
appesKr ;  when  fifteen  degrees,  those  of  the  fourth 
present  themselves  to  view ;  when  he  is  descended 
about  eighteen  degrees,  the  stars  of  the  fifth  and 
sixth  magnitude,  and  those  that  are  still  smaller,  be-^ 
come  conspicuous,  and  the  azure  arch  sparkles  with 
all  its  glory. 
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{Problem  xii.  To  find  the  rigid  ascension  and  dedU 

nation  of  any  given  star* 

Bring  the  givefn  star  to  tlie  meridian,  and  the  de^ 
gree  under  which  it  lies  is  its  declination;  and  the 
point  in  which  the  meridian  intersects  the  equinoctial 
is  its  right  ascension*  Thus  the  fight  ascension  of 
Sirius  is  99%  its  declination  iS"  25'  south ;  the  right 
ascension  .of  Arcturus  is  211**  32',  its  declination 
20""  20'  north. 

The  declination  is  tised  to  find  the  latitude  of 
places  ;  the  right  ascension  is  used  to  find  the  time 
at  which  a  star  or  planet  comes  to  the  meridian ;  to 
find  at  any  given  time  how  long  it  will  be  before  any 
celestial  body  comes  to  the  meridian  ;  to  determine 
in  what  order  those  bodies  pass  the  meridian  ;  and  to 
make  a  catalogue  of  the  fixed  stars. 

Problem  xiii.     To  find  the  latitude  and  longitude 

oj  a  given  star. 

Bring  the  pole  of  the  ecliptic  to  the  Qieridiauj 
over  which  fix  the  quadrant  of  altitude,  and,  holding 
the  globe  very  steady,  move  the  quadrant  to  lie  over 
the  given  star,  and  the  degree  of  the  quadrant  cut 
by  the  ;8tar  is  its  latitude ;  the  degree  of  the  ecliptic 
cut  at  the  same  time  by  the  quadrant  is  the  Ipngitude 
of  the  star. 

,    Thus  the  latitude  of  Arcturus  is  30^'  30',  .N*  its 
Jongitude  20"  20'  of  Libra :   the    latitude  of,  Ca-r 
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pella  is   22»   22'   norths   its   longitude    18'  «'   erf 
Gemini.   . 

The  latitude  and  longitude  of  stars  is  used  to  fiiL 
precisely  their  places  on  the  globe^  to  refer  planets 
and  comets  to  the  stars ;  and^  lastly^  to  determine 
whether  they  have  any  motion,  whether  any  stars 
vanish,  or  new  ones  appear* 

Problem  XIV.  The  right  ascension  and  decli- 
nation of  a  star  being  given,  to  find  its  place  on  the 
globe. 

Turn  the  globe  till  the  meridian  euts  the  equi- 
fioctial  in  the  degree  of  right  ascension.  Tlius,  for 
example^  suppose  the  right  ascension  of  Aldebaran 
to  be  65°  30",  and  its  declination  to  be  1 6^  north, 
then  turn  the  globe  about  till  the  meridian  cuts  the 
equinoctial  in  65°  30',,  and  under  the  16^*  of  the  me- 
ridian, on  the  northern  part,  you  will  observe  the 
star  Aldebaran,  or  the  Bull's  eye. 

PfiOBLEM  XV.     To  find  at  what  hour  any  known  star 
passes  the  meridian  at  any  given  day. 

Find  the  sun's  place  for  that  day  in  the  ecliptic^ 
and  bring  it  to  the  strong  brass  meridian,  set  the  ho- 
rary index  to  XII  o'clock,  then  turn  the  globe  till 
the  star  comes  to  the  meridian,  and  the  index  will 
mark  the  time.  Thus,  on  the  15th  of  August,  L3rr8 
comes  to  the  meridian  at  45  minutes  past  VIII  in  the 
evening.    On  the  14th  of  September^  the  brightest 
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of  the  Pleiades  will  be  on  the  meridian  at  IV  in  the  ^ 
morning. 

This  problem  is  useful  for  directing  when  to  look 
for  any  star  on  the  meridian,  in  order  to  find  the  la- 
titude of  a  place,  to  adjust  a  clock,  &c. 


Problem  xvi.     To  find  ,on  what  day  a  given  star 
will  come  to  the  meridian  at  any  given  Iwiir. 


^- 


Bring  the  given  star  to  the  meridian,  and  set  the 
index  to  the  proposed  hour ;  then  turn  the  globe  till 
the  index  points  to  XII  at  noon,  and  observe  tlie 
degree  of  the  ecliptic  then  at'  the  meridian ;  this  is 
the  sun's  place,  the  day  answering  to  which  may  be 
found  on  the  calendar  of  the  broad  piaper  circle. 

By  knowing  whether  the  hour  be  in  the  moniing 
or  afternoon,  it  will  be  easy  to  perceive  which  way  to 
turn  the  globe,  that  the  proper  XII  may  be  pointed 
to ;  the  globe  must  be  turned  towards  the  west,  if  the 
given  hour  be  in  the  morning ;  towards  the  east,  if  it 
be  afternoon. 

Thus,  A  returns  will  be  on  the  meridian  at  III  in 
the  morning  on  March  the  5th,  and  Cor  Leonis  at 
VIII  in  the  evening  on  April  the  21st. 

Problem  xvir.  To  represent  the  face  of  tit 
heavens  on  the  globe  for  a  given  hour  on  any  day  of 
the  year^  and  learn  to  distinguish  the  visible  Ji3:ei 
stars. 

Rectify  the  glolie  tp  the  given  latitude  of  the  place 
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tttd  day  of  the  month,  setting  it  due  north  and  south 
by  the  needle  ;  then  turn  the  globe  on  its  axis  till 
the  index  points  to  the  given  hour  of  the  night ;  then 
all  the  upper  hemisphere  of  the  globe  will  represent 
the  visible  face  of  the  heavens  for  that  time,  by 
which  it  will  be  easily  seen  what  constellations  and 
«tars  of  note  are  then  above  our  horizon,  and  what 
positioA  they  have  with  respect  to  the  points  of  the 
compass.  In  this  case,  supposing  the  eye  was  placed 
in  the  centre  of  the  globe,  and  holes  were  pierced 
through  the  centres  of  the  stars  on  its  surface,  the 
eye  would  perceive  through  those  holes  the  various 
corresponding  stars  in  the  firmament ;  and  hence 
it  would  be  easy  to  know  the  various  constellations 
at  sight,  and  to  be  able  to  call  all  the  stars  by  their 
names. 

Observe  some  star  that  you  know,  as  one  of  the 
Pointers  in  the  Great  Bear,  or  Sirius ;  find  the  same 
on  the  globe,  and  take  notice  of  the  position  of  the 
contiguous  stars  in  the  same  or  an  adjoining  constel- 
lation ;  direct  your  sight  to  the  heavens,  and  you  will 
see  those  stars  in  the  same  situation.  Thus  you  may 
proceed  from  one  constellation  to  another,  till  you 
are  acquainted  with  most  of  the  principal  stars. 

**  For  example*  llie  situation  of  the  stars  at  Lon- 
don on  the  9th  of  February,  at  2  min.  past  IX  in  the 
evening,  is  as  follows : 

^^  Sirius,  or  the  Dog-star,  is  on  the  meridian,  its 
altitude  23'' :  Procyon,  or  the  Little  Dog-star,  l6^  to- 
wards the  east,  its  altitude  43t  :  about  24°  above  thi!( 
last,  and  something  more  towards  the  east,  are  the 
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Twins,  Castor,  and  Pollux :  S.  65°  B.  and  36°  in 
height,  is  the  bright  star  Regains,  or  Cor  Leonis : 
exactly  in  the  east,  and  22*"  high,,  is  the  star  Deneb 
Alased  in  the  Lion's  tail :  30^  from  the  east  towards 
the  north,  Arcturns  is  about  3°  above  the  horizon : 
directly  over  Arcturus,  and  31°  above  the  horizon, 
is  Cor  Caroli :  in  the  northeast  are  the  stars  in  the 
extremity  of  the  Great  Bear  s  tail ;  Aleath,  the  first 
star  in  the  tail,  and  Dubhe,  the  northernmost  Pointer 
in  the  same  constellation :  the  altitude  of  the  first  of 
these  is  30:j:°,  that  of  the  second  41%  and  that  of  the 
third  56°. 

"  Reckoning  westward,  we  see  the  beautiful  con* 
stellation  Orion ;  the  middle  star  of  the  three  in  his 
belt,  is  S.  20' W,  its  altitude  35°:  nine  degrees  be- 
low the  belt,  and  a  little  more  to  the  west,  is  Rigel, 
th^  bright  gtar  in  his  heel:  above  his  belt,  in  a 
straight  line  drawn  from  Rigel  between  the  middle 
and  most  northward  in  his  belt,  and  9^  above  it,  is 
the  bright  star  in  his  shoulder :  S.  49°  W.  and  45r 
above  the  horizon,  is  Aldebaran,  the  southern  eye  of 
the  Bull :  a  little  to  the  west  of  Aldebaran,  are  the 
Hyades  :  the  same  altitude,  and  about  S.  70°  W.  are 
the  Pleiades :  in  the  W.  by  S.  point  is  'Capella  in 
Auriga,  its  altitude  73°:  in  the  north-west,  and 
jibout  42^  high,  is  the  constellation  Cassiopeia :  and 
almost  in  the  north,  near  the  horizon,,  is  the  constdt. 
J^tion  Cygnus."* 

\ 
.  / 

*  Bransbys  Usepf  th^  Gloi^ei* 
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Problem  xviri.     To  trace  the  circles  of  the  sphere 

in  the  starry  jirmament. 

I  shall  solve  this  problem  for  the  time  of  the  au- 
tumnal equinox ;  because  that  intersection  of  the 
equator  and  ecliptic  will  be  .directly  under  the  de- 
pressed part  of  the  meridian  about  midnight ;  and 
then  the  opposite  intersection  will  be  elevated  above 
the  horizon  ;  and  also  because  our  first  meridian 
upon  the  terrestrial  globe  passing  through  London 
and  the  first  point  of  Aries,  when  both  globes  are 
rectified  to  the  latitude  of  London  and  to  the  sun*s 
place,  arid  the  first  point  of  Aries  is  brought  under 
the  graduated  side  of  each  of  their  meridians,  we 
shall  have  the  corresponding  face  of  the  heavens  and 
the  earth  represented  as  they  are  with  respect  to  each 
other  at  that  time,  and  tlie  principal  circles  of  each 
sphere  will  correspond  with  each  other. 

The  horizon  is  then  distinguished,  if  we  begin 
Jrom  the  north  and  count  westward,  by  the  following 
^constellations ;  the  hounds  and  waist  of  Bootes,  the 
northern  crown,  the  head  of  Hercules,  the  shoulders 
of  Serpentarius,  and  the  Sobieski's  shield  ;  it  passes 
a  little  below  the  feet  of  Antinous^  and  through 
those  of  Capricorn,  thr6ugh  the  Sculptor's  frame, 
£ridanus,  the  star  Rigel  in  Orion's  foot,  the  head  of 
Monoceros,  the  Crab,  the  head  of  the  Little  Lion, 
and  lower  part  of  the  Great  Bear. 

The  meridian  is  then  represented  by  the  cquinoc 
tial  colure,  which  passes  through  the  star  marked  a. 
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in  the  tail  of  the  Little  Bear,  under  the  north  pole, 
the  pole  star,  one  of  the  stars  in  the  back  of  Cassi- 
opeia's chair  marked  ^,  the  head  of  Andromeda,  the 
bright  star  in  the  wing  of  Pegasus  marked  7^  and  the 
extremity  of  the  tail  of  the  Whale. 

That  part  of  the  equator  which  is  then  above  tlie 
horizon,  is  distinguished  on  the  western  side  by  the 
northern  part  of  Sobieski's  shield,  the  shoulder  of 
Antinous,  the  head  and  vessel  of  Aquarius,  the  belly 
of  the  western  fi«h  in  Pisces ;  it  passes  through  the 
head  of  the  Whale,  and  a  bright  star  marked  J  in  the 
corner  of  his  mouth,  and  thence  through  the  star 
marked  S  in  the  belt  of  Orion,  at  tiiat  time  near  the 
eastern  side  of  the  horizon. 

,  That  half  of  the  ecliptic  which  is  then  above  the 
horizon,  if  we  begin  from  the  western  side,  presents 
to  our  view  Capricornus,  Aquarius,  Pisces,  Aries, 
Taurus,  Gemini,  and  a  part  of  the  constellation 
Cancer. 

The  solstitial  colure,  from  the  western  side,  passes 
through  Cerberus  and  the  hand  of  Hercules,  thence 
by  the  western  side  of  the  constellation  Lyra,  and 
through  the  Dragon's  head  and  body,  through  the 
pole  point  under  the  polar  star,  to  the  east  of  Auriga, 
through  the  star  marked  j^  in  the  foot  of  Castor,  and 
through  the  hand  and  elbow  of  Orion. 

The  northern  polar  circle,  from  that  part  of  the 
meridian  under  the  elevated  pole,  advancing  toward* 
the  west,  passes  through  the  sjioulder  of  the  Great 
Bear,  thence  a  little  to  the  north  of  the  star  marked  c 
in  the  Dragon's  tail,  the  great  knot  of  the  Dragon, 
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the  middle  of  the  body  of  Cepheus,  the  northern 
part  of  Cassiopeia^  and  base  of  her  throne^  through 
Camelopardahis^  and  the  head  of  the  Great  Bean 

The  tropic  of  Cancer,  from  the  western  edge  of  the 
horizon,  passes  under  the  arm  of  Hercules,  under  the 
Vulture,  through  the  Goose  and  Fox,  which  is  under 
the  beak  and  wing  of  the  Swan,  under  the  star  call- 
ed Sheat,  marked  /3,  in  Pegasus,  under  the  head  of 
Andromeda,  and  through  the  star  marked  c&,  in  the 
fish  of  the  constellation  Pisces,  above  the  bright  star 
in  the  head  of  the  Ram,  marked  «,  through  the 
,  Pleiades,  between  the  horns  of  the  Bull,  and  through 
a  group  of  stars  at  the  foot  of  Castor,  thence  above  a 
star  marked  ^,  between  Castor  and  Pollux,  and  so 
through  a  part  of  the  constellation  Cancer,  where  it 
disappears  by  passing  under  the  eastern  part  of  the 
horizon. 

The  tropic  of  Capricorn,  from  the  western  side  of 
the  horizon,  passes  through  the  belly  and  under  the 
tail  of  Capricorn,  thence  under  Aquarius,  through  a 
star  in  Eridanus  marked  c,  thence  under  the  belly  of 
the  Whale,  through  the  base  of  the  Chemical  Fur- 
nace, whence  it  goes  under  the  Hare,  at  the  feet  of 
Orion,  being  there  depressed  under  the  horizon. 

The  southern  polar  circle  is  invisible  to  the  inha- 
bitants of  London,  by  being  under  our  horizon* 


ARCTIC     AND     ANTABCTIC     CIRCLES,     OR   CIRCLES   OF 
PERPETUAL   APPARITION    AND    OCCULTATION. 

*  • 

The  largest  parallel  of  latitude  on  the 
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globe^  as  well  as  the  largest  circle  of  declinatioii 
on  the  celestial^  that  appears  entire  above  the  ho- 
rizon of  any  place  in  north  latitude,  was  called  bj 
the  ancients  the  arctic  circle^  or  circle  of  perpetual 
Apparition. 

Between  the  arctic  circle  and  the  north  pole  in 
the  celestial  sphere,  are  contained  all  those  stars 
which  never  set  at  that  place,  and  seem  to  us,  by 
the  rotative  motion  of  the  earth,  to  be  perpetually 
carried  round  above  our  horizon  in  circles  parallel  to 
the  equator. 

The  largest  parallel  of  latitude  on  the  terrestrial, 
and  the  largest  parallel  of  declination  to  the  celestial 
globe,  which  is  entirely  hid  below  the  horizon  of  any 
place,  was  by  the  ancients  called  the  antarctic  circk, 
or  circle  of  perpetual  occultatioTL 

This  circle  includes  all  the  stars  which  never  rise 
in  that  place  to  an  inhabitant  of  the  northern  hemis- 
phere, but  are  perpetually  below  the  horizon.' 

All  arctic  circles  touch  their  horizons  in  the  north 
point,  and  all  antarctic ''circles  touch  their  horizons 
in  the  south  point ;  which  point,  in  the  terrestrial 
and  celestial  spheres,  is  the  intersection  of  the  meri- 
dian and  horizon. 

If  the  elevation  of  the  pole  be  46  d^rees,  the  most 
elevated  part  either  of  the  arctic  or  antarctic  circk 
will  be  the  zenith  of  the  place. 

If  the  pole's  elevation  be  less  than  45  d^rees, 
the  zenith  point  of  those  places  will  fall  without 
'its  arctic  or  antarctic  circle;  if  greater,  it  will  fall 
witliin. 
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Therefore,  the  nearer  any;  place  is  to  the  equator^ 
the  less  will  its  arctic  and  antarctic  circles  be ;  and 
on  the  contrary,  the  farther  any  place  is  from  the 
equator,  the  greater  they  are.     So  that,  . 

At  the  poles,  the  equator  may  be  considered  as 
both  an  arctic  and  antarctic  circle,  because  its  plane 
is  coincident  with  that  of  the  horizon. 

But  at  the  equator  (that  is,  in  a  right  sphere)  there 
is  neither  arctic  nor  antarctic  circled 

They  who  live  under  the  northern  polar  circle, 
have  the  tropic  of  Cancer  for  their  arctic,  and  that  of 
Capricorn  lor  their  antarctic  circle. 

And  they  who  live  on  either  tropic,  have  one  of  the 
polar  circles  for  their  arctic,  and  the  other  for  their 
antarctic  circles. 

Hence,  whether  these  circles  fall  within  or  without 
the  tropics,  their  distance  from  the  zenith  of  any 
place  is  ever  egpal  to  the  difference  between  the 
pole's  elevation  and  that  of  the  equator  above  the 
horizon  of  that  place. 

From  what  has  been  said,  it  is  plain  there  may  be 
as  many  arctic  and  antarctic  circles,  as  there  are  in- 
dividual points  upon  any  one  meridian  Jjetween  the 
north  and  south  poles  of  the  earth. 

Many  authors  have  mistaken  these  mutable  circles, 
and  have  given  their  names  to  the  immutable  polar 
circles,  which  last  are  arctic  and  antarctic  circles, 
in  one.  particular  case  only,  as  has  been  shewn. 
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Problem  xix.  Tojind  the  circle  or  parallel  of 
perpetual  apparition,  or  occultation  of  ajlxed  star, 
in  a  given  latitude. 

By  rectifying  the  globe  to  the  latitude  of  the  place, 
and  turning  it  round  on  its  axis,  it  will  be  imme- 
diately evident,  that  the  circle  of  perpetual  appari- 
tion is  that  parallel  of  declinjition  which  is  equal  to 
the  complement  of  the  given  latitude  northward; 
and  for  the  perpetual  occultation,  it  is  the  same  pa- 
rallel southward ;  that  is  to  say,  in  other  words,  all 
those  stars  whose  declinations  exceed  the  co-latitude, 
will  always  be  visible,  or  above  the  horizon ;  and  all 
those  in  the  opposite  %P?fnisphere,  whose  declination 

exceeds  theco-lat;  tude,  nf^a^fise  above  the  horizon. 

I" 
For  instance    ,'i  the  latitude  of  London  5 1  deg.  30 

min.  whose  cc-Lcitude  is  38  deg.  30  min.  gives  the 
parallels  desired ;  for  all  those  stars  which  are  within 
the  circle,  towards  the  north  pole,  never  descend  be- 
low ojir  horizon ;  and  all  those  stars  which  are  within 
the  same  circle,  about  the  south  pole,  can  never  be 
seen  in  the  latitude  of  London,  as  they  never  ascend 
above  its  horizon. 


OF   PROBLEMS    RELATING  TO   THE    AZIMUTH,    &C.     OF 

THE    SUN    AND    STARS. 

Problem  xx.  The  latitude  of  the  place  ar^  the  suns 
place  being  given,  to  find  the  surCs  amplitude. 

That  degree  from  east  to  west  in  the  horizon,  where- 

■  * 

in  any  object  rises  or  sets,  is  called  the  amplitude. 
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Rectify  the  globe^  and  bring  the  sun's  place  to  the 
eastern  side  of  the  meridian,  and  the  arch  of  the  hori- 
zon intercepted  between  that  point  and  the  eastera 
point  will  be  the  sun's  amplitude  at  rising. 

If  the  same  point  be  brought  to  the  western  side  of 
the  horizon^  the  arch  of  the  horizon  intercepted  be- 
tween that  point  and  the  western  point,  will  be  the 
sun's  amplitude  at  setting. 

Thus,  on  the  24th  of  May  the  sun  rises  at  four, 
with  36  degrees  of  eastern  amplitude,  that  is,  36  de- 
grees from  the  east  towards  the  north,  and  sets  at 
eight,  with  36  degrees  of  western  amplitude. 

The  amplitude  of  the  sun  at  rising  and  setting  in- 
creases with  the  latitude  of  the  place  ;  and  in  very 
high  northern  latitudes,  the  sun  scarce  sets  before  he 
rises  again,  flbmer  had  hear^/ Something  of  this, 
though  it  is  not  true  of  the  Laej.  ,  ^bnes,  to  whom  he 
applies  it : 

Six  days  and  nights  a  doubtful  course  we  steer; 

The  next,  proud  Lamos'  lofty  towers  appear, 

And  Laestrygonia's  gates  arise  distinct  in  air. 

The  shepherd  quitting  here  at  night  the  plain, 

Calls,  to  succeed  his  cares,  the  watchful  swain. 

But  he  that  scorns  the  chains  of  sleep  to  wear, 

And  adds  the  herdsman's  to  the  shcpherd*s  care, 

So  near  the  pastures  and  so  short  ^he  ^ay^  ^ 

His  double  tolls  may  claim  a  double  pay, 

And  join,  the  labours  of  the  ^night  and  day. 


V 


Problem  xxi.     To  find  the  suris  altitude  at  any 

given  time  of  the  day. 

Set  the  centre  of  the  artificial  sua  to  his  place  in 


348  AZIMUTHAL   OR   VERTICAL   CIRCL£S. 

the  ecliptic  upon  the  globe,  arid  rectify  it  to  the  Isu- 
titude  and  zenith ;  bring  the  centrfe  of  thfe  artificial 
sun  under  the  strong  brass  meridian,  and  set  the  hour 
index  to  that  XII  which  is  most  elevated  ;  turn  the 
globe  to  the  given  hour>  and  move  the  graduated  edge 
of  the  quadrant  to  the  centre  of  the  artificial  sun ; 
and  that  degree,  on  the  quadrant,  which  is^  cut  by  the 
sun's  centre,  is  the  sun's  height  at  that  time. 
'  The  artificial  sun  being  brought  under  the  strong 
brass  meridian,  and  the  quadrant  laid  upon  its  centre, 
will  shewits  meridian,  orgreatest  altitude  forthat  day. 

If  the  sun  be  in  the  equator,  his  greatest  or  meri- 
dian altitude  is  equal  to  the  elevation  of  the  equator, 
which  is  always  equal  to  the  co-latitude  of  the  place. 

Thus,  on  the  24th  of  May,  at  nine  o'clock,  the  sUn 
has  44  deg.  altitude,  and  at  six  in  the  afternoon  20 
degrees. 


or  THE   AZIMUTHAL   OR    VERTICAL   CIRCLES. 

The  vertical  point,  that  is,  the  uppermost  point  of 
the  celestial  globe,  represents  a  point  in  the  heavens, 
directly  over  our  heads,  which  is  called  our  zenith. 

From  this  point  circular  lines  may  be  conceived 
crossing  the  horizon  at  right  angles. 

These  are  called  azimuth  or  vertical  circles.  That 
one  which  crosses  the  horizon  at  10  degrees  distance 
from  the  meridian  on  either  side  is  called  an  azimuth 
circle  of  10  deg. ;  that  which  crosses  at  20  is  called  an 
azimuth  of  20  degrrees. 

The  azimuth  of  90  deg,  is  called  the  prime  verti^ 
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cal :  it  crosses  the  horizon  at  the  eastern  and  western 
points. 

Any  azimuth  circle  may  be  represented  by  the  gra- 
duated edge  of  the  brass  quadrant  of  altitude,  when 
the  centre  upon  which  it  turns  is  screwed  to  that 
point  of  the  strong  brass  meridian  which  answers  to 
the  latitude  of  the  place,  and  the  place  is  brought 
into  the  zenith. 

If  the  said  graduated  edge  should  lie  over  the  sun's 
centre  or  place,  at  any  given  time,  it  will  represent 
the  sun's  azimuth  at  that  time. 

» If  the  graduated  edge  be  fixed  at  any  point,  so  as 
to  represent  any  particular  azimuth,  and  the  sun's 
place  be  brought  there,  the  horary  index  will  shew  at 
\¥hat  time  of  Aat  day  the  suij  will  be  in  that  parti- 
cular azimuth. 

Here  it  may*  be  observed,  that  the  amplitude  and 
azimuth  are  much  the  same. 

The  amplitude  shewing  the  bearing  of  any  object 
when  it  rises  or  sets,  from  the  east  and  west  points  of 
the  horizon. 

The  azimuth  the  bearing  of  any  object  when  it  is 
above  the  horizon,  either  from  the  north  or  south 
points  thereof.  These  descriptions  and  illustrations 
being  understood  we  may  proceed  to 

Problem  xxii.  To  find  at  what  time  the  sun  is  due 
east,  the  day  and  the  latitude  being  given. 

Rectify  the  globe ;  then  if  the  latitiide  and  decli- 
nation are  of  pne  kind,  bring  the  quadrant  of  alti- 
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tude  to  the  eastern  poiat  of  the  horizon^  and  the 
sun's  place  to  the  edge  of  the  quadrant^  and  the  in- 
dex will  shew  the  hour. 

If  the  latitude  and  declination,  are  of  different 
kinds^  bring  the  quadrant  to  the  western  point  of  the 
horizon^  and  the  point  in  the  ecliptic  opposite  to  the 
sun's  place  to  the  edge  of  the  quadrant,  and  then  the 
index  will  shew  the  hour. 

You  will  easily  comprehend  the  reason  of  the  fore-* 
going  distinction,  because  when  the  sun  is  in  the 
equinoctial,  it  rises  due  east ;  but  when  it  is  in  that 
part  of  the  ecliptic  which  is  towards -the  elevated  pole, 
it  rises  before  it  is  in  the  eastern  vertical  circle,  and  is 
therefore  at  that  time  above  the  horizon :  whereas, 
when  it  is  in  the  otherpart  of  the  ecliptic,  it  passes  the 
eastern  prime  vertical  before  it  rises,  that  is,  below 
the  horizon ;  whence  it  is  evident,  tUiat  the  opposite 
point  of  the  ecliptic  must  then  be  in  the  west,  and 
above  the  horizon.  The'  sun  is  due  east  at  London  at 
7  h.  6  min.  on  the  18th  of  May.  The  second  of  Aug, 
at  Cape  Horn,  the  Sun  is  due  east  at  5  h.  10  miri» 

Problem  xxiii,  Tojind  the  risings  settings  and 
culminating  of  a  star,  its  continuance  above  the  ho-* 
rizon,  and  its  obliqite  ascension  and  descension,  and 
also  its  eastern  and  western  amplitude^  for  any  given 
day  and  place.  ^ 

1 .  Rectify  the  globe  to  the  latitude  and  zenith, 
bring  the  sun's  place  for  the  day  to  the  meridian, 
and  set  the  hour  index  to  XII,     2.  Bring  the  star 
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to  the  eastern  side  of  the  horizon,  and  its  eastern 
amplitude,  oblique  ascension,  and  time  of  rising,  will 
be  found  as  taught  of  the  sun.  3.  Cany  the  star  to 
the  western  side  of  the  horizon ;  and  in  the  same 
manner  its  western  amplitude,  oblique  descension, 
and  time  of  setting,  will  be  found.  4.  The  time  of 
rising,  subtracted  from  that  of  setting,  leaves  the  con- 
tinuance of  the  star  above  the  horizon.  5.  This  re- 
inainder,  subtracted  from  24  hours,  gives  the  time  of 
its  continuance  below  the  horizon.  6.  The  hour  to 
which  the  index  points,  when  the  star  comes  to  the 
meridian,  is  the  time  of  its  culminating  or  being  On 
the  meridian. 

Let  the  given  day  be  March  1 4,  the  place  London, 
the  star  Sirius;  by  working  the  problem  you  will  find 

It  rises  at         -         -     2  h.  24  min.  afternoon. 

Culminates  at  -         -     6       5/ 

Sets  at    -         ^         -  1 1       50   - 

Is  above.the  horizon        96 

Its  obHque  ascension  and  descension  are  120''  4J\ 
and  77""  1*'  5  its  amplitude  27°  southward. 

Problem  xxiv.  The  latitude,  the  altitude  of  the 
sun  hy  day,  or  of  a  star  by  night,  being  given,  tojind 
the  hour  of  the  day,  and  the  sun  or  star's  azimuths 

Rectify  the  globe  for  the  latitude,  the  zenith^  and 
the  sun's  place,  turn  the  globe  and  the  quadrant  of 
altitude,  so  that  the  sun's  place,  or  the  given  star, 
may  cut  the  given  degree  of  altitude,  the  index  will 
shew  the  hour,  and  the  quadrant  will  be  the  azimuth 
in  the  horizon. 
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Thus,  on  the  2l5t  of  August,  at  London,  when  the 
sun's  sdtitude  is  36"^  in  the  forenoon,  the  hour  is  IX, 
and  the  azimuth  SS""  from  the  south. 

At  Boston,  December  8th,  when  Rigel  had  15*  « 
of  altitude,  the  hour  was  VIII^  the  azimuth  S*  £•  bj 


Problem  xxv.  The  latitude  and  hour  of*  the  day 
being  given,  tojind  the.  altitude  and  azimuth  of  the 
suny  or  of  a  star. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place,  then  the  number  of  degrees  con- 
tained betwixt  the  sun's  place  and  the  vertex  is  the 
sun's  meridional  zenith  distance;  the  complement 
of  which  .to  90  deg.  is  the  sun's  meridian  altitude.  If 
you  turn  the  globe  about  until  the  index  points  to 
any  other  given  hour,  then  bringing  the  quadrant 
of  altitude  to  cut  the  sun's  place,  you  will  have  the . 
sun's  altitude  at  that  hour ;  and  where  the  quadrant 
cuts  the  horizon,  is  the  sun*s  azimuth  at  the  same 
time.  Thus,  May  the  first,  at  London,  the  suni 
meridian  altitude  will  be  534  degrees;  and  at  10 
o'clock  in  the  miorning,  the  sun's  altitude  will  be  46 
degrees,  and  his  azimuth  about  44  d^rees  from  the 
south  part  of  the  meridian.  On  the  2d  of  Decem- 
ber, gt  Rome,  at  five  i»  the. morning,  the  altitude 
of  Capella  is  41.  deg.  58  min.  its  azimuth  60  deg. 
60  min.  from  N.  to  W. 


t 
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I*ROBLEM  XXVI.     The  latitude  »/  the  place,  and 
the  day  of  the  month  being  given,  to  find  the  depress 
•sion  of  the  sun  below  the  horizon,  and  the  azimuth, 
at  any  hour  of  the  night. 

Having  rectified  the  globe  for  the  latitud^e^  the 
zenith^  and  the  sun's  place,  take  a  point  in  the  eclip- 
tic exactly  opposite  to  the  sun's  place,  and  find  the 
sun's  altitude  and  azimuth,  as  by  the  last  problem, 
and  these  will  be  the  depression  and  the  altitude  re- 
quired. 

Thus,  if  the  time  given  be  the  iirst  of  Novem- 
ber, at  10  o'clock  at  night,  the  depression  and  azi- 
muth will  be  the  same  as   was  found  in  the  last  ' 
problem. 

Problem  xxvit.  The  latitude,  the  surCs  place, 
and  his  azimuth  being  given,  to  find  hi^  altitude,  and 
the  hour. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place ;  th^n  put  the  quadrant  of  altitude  to 
the  sun's  azimuth  in  the  horizon,  and  turn  the  globe 
till  the  sun's  place  meets  the  edge  of  the  quadrant ; 
then  the  said  edge  will  shew  the  altitude,  and  the  in- 
dex point  to  the  hour. 

Thus,  May  2 1  st,  at  London,  when  the  sun  is  due 
east,  his  altitude  will  be  about  24  deg.  and  the  hour 
about  VII  in  the  morning ;  and  when  his  azimuth  is 
6o  deg.  south-westerly,  the  altitude  will  be  about 
44^  deg.  and  the  hour  1 1  ^-  in  the  afternoon. 

z 
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Thus  the  latitude  and  the  day  being  known,  and 
having,  besides,  either  the  latitude^  the  azimuth,  or 
the  hour,  the  other  two  may  be  easily  found. 

Problem  xxvni.  The  latitude  of  the  place^  and 
the  azimuth  of  the  sun  or  of  a  star  being  giverty  to 
find  the  hour  of  the  day  or  night. 

Rectify  the  globe  for  the  latitude  and  sun's  place, 
and  bring  the  quadrant  of  altitude  to  the  given  azi- 
muth  in  the  horizon  ;  turn  the  globe  till  the  sun  or 
«tar  conies  to  the  quadrant,  and  the  index  will  shew 
the  time.  Nov.  6,  at  Gibraltar^  given  the  suns 
azimuth  50  degiees  from  the  south  towards  the  east, 
the  time  you  will  find  to  be  half-past  VIII  in  the 
morning.  Given  the  azimuth  of  Vega  at  London, 
57  degrees  from  the  north  towards  the  east,  Febru- 
ary th6  8th,  the  time  you  will  find  twenty  minutes 
past  11  in  the  morning. 

But  as  it  may  possibly  happen  that  we  may  see 
a  star,  and  would  be  glad  to  know  what  star  it  is, 
or  whether  it  may  not  be  a  new  star,  or  a  comet; 
how  that  may  be  discovered,  will  be  seen  under 
the  following 

^  Problem  xxix.  The  latitude  of  the  place^  th 
surCs  place,  the  hour  of  the  night,  and  the  altiidt 
find  azimuth  of  am/  star  being  given,  tojmd  the  star. 

Rectify  the  globe  for  the  latitude  of  the  place,  and 
the  sun's  place ;  fix  the  quadrant  of  altitude  in  the 
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«enith,  and  turn  the  globe  till  the  hour  index  points 
to  the  given  hour,  and  set  the  quadrant  of  altitude  to 
,  the  given  azimuth ;  then  the  star  that  cuts  the  qua- 
drant in  the  given  altitude^  will  be  the  star  sought.  • 
Thougjn  two  stars,  that  have  different  right  as- 
censions, vnll  not  come  to  the  meridian  at  the  same 
time,  yet  it  is  possible  that  in  a  certain  latitude  they 
may  come  to  the  same  vertical  circle  at  the  same  time; 
and  that  consideration  gives  the  following 

Problem  xxx.  The  Idtitudt  of  the  place^  the 
surCs  place,  and  two  stars  that  have  the  same  a%u 
mufh,  being  given,  tojind  the  hour  of  the  night. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun*s  place ;  then  turn  the  globe^  and  also  the 
quadrant  about,  till  both  the  stars  coincide  with  its 
edge ;  the  hour  index  will  shew  the  hour  of  the  night, 
and  the  place  where  the  quadrant  cuts  the  horizon, 
will  be  the  common  azimuth  of  both  stars. 

On  the  15th  of  March,  at  London,  the  star  Bt- 
telgeule,  in  the  shoulder  of  Orion,  and  Kegel,  in  the 
heel  of  Orion,  were  observed  to  have  the  same, azi- 
muth ;  on  working  the  problem,  you  will  find  the 

time  to  be  8  hours  47  minutes. 

What  hath  been  observed  above,  of  two  stars  that 

have  the  same  azimuth,  will  hold  good  likewise  of 

two   stars  that  have  the  same  altitude ;  from  whence 

ive  have  the  following 


Z2 
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l^KOBLEM  XXXI.  The  latitude  of  the  place,  the 
SunOS'  place,  and  two  stars,  that  have  the  sarm  alti- 
tude, being  giveii,  tojind  the  hour  of  the  night. 


M 


Rectify  tlie  globe  for  the  latitude  of  the  place,  the 
zenith,  and  the  sun's  place ;  turn  the  globe,  so 
that  the  same  degree  on  the  quadrant  shall  cut  both 
stars,  then  the  hour  index  will  shew  the  hour  of  the 
night. 

In  the  former  propositions,  the  latitude  of  the 
place  is  supposed  to  be  given,  or  known ;  but  as  it 
is  frequently  necessary  to  find  the  latitude  of  the 
place,  especially  at  sea,  how  this  may  be  found,  m 
a  rude  manner  at  least,  having  the  time  given  by  a 
good  clock  or  watch,  will  be  seen  in  the  following 


Problem  xxxii.  The  sun'^  place,  the  hour  of  Ik 
nighty  and  two  stars,  that  have  the  same  azimtith  or 
altitude,  being  given,  to  find  the  latitude  of  the 
place. 

Rectify  the  globe  for  the  sun's  place,  and  turn  rt 
till  the  index  points  to  the  given  hour  of  the  nigW; 
keep  the  globe  from  turning,  and  move  it  up  and 
down  in  the  notches,  till  the  two  given  stars  have  the 
same  azimuth,  or  altitude ;  then  the  brass  meridian 
will  shew  the  height  of  the  pole,  and  consequently 
the  latitude  of  the  place. 


• 
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1 

Problem  xxxiii.  Two  stars  being  given^  one  on 
ike  meridian,  and  Hie  other  on  the  east  or  west  part 
of  the  horizon^  t^Jind  the  latitude  ofthepla^e. 

9 

Bring  the  star  observed  op.  the  meridian  to  the  me- 
r^ian  of  the  globe ;  theiiJP:eeping  the  globe  from 
turning  round  its  axis,  sUde  the  meridian  up  and 
down  in  the  notches,  till  the  other  star  is  brought 
to  the  east  or  west  part  of  the  horizon,  and  that  ele- 
vation of  the  pole  will  be  the  latitude  of  the  place 


sought. 


Observation.  From  what  hath  been  said,  it 
appears,  that  of  these  five  things,  1 .  the  latitude  of 
the  place ;  2.  the  sun's  place  in  the  ecliptic ;  3.  the 
hour  of  the  night ;  4.  the  common  azimuth  of  two 
known  fixed  stars ;  5 .  the  equal  altitude  of  two  known 
fixed  stars ; — any  three  of  them  being  given,  the  re- 
maining two  win  easily  be  found. 

> 

There  are  three  sorts  of  risings  and  settings  of  the 
fixed  stars,  taken  notice  of  by  the  ancient  authors, 
and  commonly  called  poetical  risings  and  settings^ 
because  mostly  taken  notice  of  by  the  poets. 

These  are  the  cosmicaly  achronical,  and  heliacal.* 

They  are  to  be  found  in  most  authors  that  treat 

on  the  doctrine  of  the  sphere,  and  are  now  chiefly 

used  in  comparing  and  understanding  passages  iu 

the  ancient  writers ;  such  as  Hesiod^  Firgil,  Colu* 

*  Costard^9  History  of  Astronony. 

23 
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.  mella,  Ovid,  Pliny y  &c.  How  they  are  to  be  found 
by  calculation^ .  ihay  be  seen  in  Petavius*s  Uranolo- 
gion,  and  Dr.  Gregorj/s  Astroi^Mny. 

Definition.   W^ten  a  star  rises  of  sets  at  sun* 

m 

rising,  it  is  said  to  f^is^Mt  set  cosmically.  t 

f^'rom  whence  we  shall  have  the  following 


Problem  xxxiv.  The  latitude  of  thepla^e  being 
given,  tojindy  hy  the  globe,  the  time  of  the  year 
when  a  given  star  rises  or  sets  cosmically. 

Let  the  given  place  be  Rome,  whose  latitude  is  42 
deg.  8  m .  north  ;  and  let  the  given  star  be  the  Lu- 
cida  Pleiadum.  Rectify  the  globe  fpr  the  latitude 
of  the  place;  bring  the  star  to  the  edge  of  the 
eastern  horizon,  and  mark  the  point  of  the  ecliptic 
rising  along  with  it ;  that  will  be  found  to.be  Taurus, 
1 8  deg,  opposite  to  which,  on  the  horizon,  will  be 
found  May  the  8th.  The  Lucida  Pleiadum,  there- 
fore, rises  cosmically  May  the  8th. 

If  the  globe  continue  rectified  as  before,  and 
the  Lucida  Pleiadum  be  brought  to  the  edge  of  the 
western  horizon,  the  point  of  the  ecliptic,  which  is 
the  sun  s  place^  then  rising  on  the  eastern  side  of  the 
horizon,  will  be  Scorpio,  29  deg.  opposite  to  which, 
on  the  horizon,  will  be  found  November  the  21  si. 
The  Lucida  Pleiadum^  therefore,  sets  cosmically  No- 
vember the  31st. 
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In  the  same  manner^  in  the  latitude  of  London^ 
Sinus  will  be  found  to  rise  cosmically  Aug.  the  lOth^ 
and  to  set  cosmically  Nov.  the  lOth. 

It  is  of  the  cosmical  setting  of  the  Pleiades,  that 
Virgil  is  to  be  understood  jn  this  line. 

Ante  tibi  Eoae  AUantides  abseondantur,* 

and  not  of  their  setting  in  the  east,  as  some  have 
imagined,  where  stars  rise,  but  never  set. 

Definition.     PThen  a  star  rises  or  sets  at  sun  • 
setting,  it  is  said  to  rise  or  set  achronically . 

Hence,  likewise,  we  have  the  following 


Problem  xxxv.  The  latitude  of  the  place  being 
given^  tojind  the  time  of  the  year  when  a  given  star 
tattl  rise  or  set  achronically. 

Let  the  given  place  be  Athens,  whose  latitude 
is  37  degrees  north,  and  let  the  given  star  be  Arc- 
turus. 

Rectify  tihie  globe  for  the  latitude  of  the  place,  and 
bringing  Arcturus  to  the  eastern  side  of  the  horizon, 
mark  the  point  of  the  ecliptic  then  setting  on  the 
.western  side;  that  will  be  found  Aries,  12deg.  op- 
posite to  which,  on  the  horizon,  will  be  found  April 
the  2d.  Therefore  Arcturus  rises  at  Athens  achroni- 
.  cally  April  the  2d. 

•  GeoTg.  1.  i-  ▼•  331* 

Z4 
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« 

It  is  of  this  rising  of  Afcturus  that  Hemd  si^h 
in  his  Opera  and  Dies.* 

When  from  the  solstice  sixty  wint'ry  days 
Their  turns  have  finish'd;  mark,  with  glitfring  rays, 
From  ocean's  sacred  flood,  Arct^rus  rise, 
Then  first  to  gild  the  dusky  evening  skies. 

If  the  globe  continues  rectified  to  the  latitude  of 
the  place,  as  before,  and  A  returns  be  brought  to  the 
western  side  of  the  horizon,  the  point  of  the  ecliptic 
setting  along  with  it  will  be  Sagittary,  7  degrees  op- 
'  posite  to  which,  on  the  horizon,  will  be  found  No- 
vember the  29th.  At  Athens,  therefore^  Arcturus 
sets  achronically  November  the  29th. 

In  the  same  manner  Aldebaran,  or  the  Bull's  Eye, 
will  be  found  to  rise  achronically  May  the  22d,  and 
to  set  achronically ^Pecember  the  19tb. 

Definition.  When  a  star  becomes  visible  in  a 
morningy  after  it  hath  been  so  near  the  sun  as  to  he 
hid  by  the  splendour  of  his  rays^  it  is  said  to  fis^ 
heliacally* 

But  for  this  there  is  required  some  certain  depres- 
sion of  the  sun  below  the  horizon,  more  or  less,  ac- 
cording to  the  magnitude  of  the  star.  A  star  of  the 
first  magnitude  is  commonly  supposed  to  require 
that  the  sun  be  depressed  1 2  degrees  perpendicularly 
below  the  horizon. 

This  being  premised,  we  have  thie  following 


»  Lib  ii.  rev.  285. 
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Problem  xxxvi.  The  latitude  of  the  place  being 
given,  tojind  the  time  of  the  year  when  a  given  star 
will  rise  heliacally. 

s 

Let  the  given  place  be  Rome,  whose  latitude  is 
42  degrees  north,  and  let  t||e  given  star  be  the  bright 
star  in  the  Bull's  Horn. 

Rectify  the  globe  for  the  latitude  of  the  place, 
screw  on  the  brass  quadrant  of  altitude  in  its  zenith, 
and  turn  it  to  the  western  side  of  the  horizon.  Brinff 
the  star  to  the  eastern  side  of  the  horizon,  and  mark 
Tvhat  degree  of  the  ecliptic  is  cut  by  1 2  degrees, 
marked  on  the  quadrant  of  altitude ;  that  will  be 
found  to  be  Capricorn,  3  deg.  the  point  opposite  to 
which  is  Cancer,  3  deg.  and  opposite  to»this  will  be 
found  on  the  horizon,  June  89fhV  The  bright  tstar, 
therefore,  in  the  Bull's  Horn,  in  t  .e  latitude  of  Rome^ 
rises  heliacally  June  25  th. 

These  kinds  of  risings  and  settings  are  not  only 
mentioned  by  the  poets,  but  likewise  by  the  ancient 
physicians  and  historian?.  ' 

Thus  Hippocrates,  in  his  book  De  iEre,  says, 
^^  One  ought  to  observe  the  heliacal  risings  and  set- 
tings of  the  stars,  especially  the  Dog-Star,  and  j4rc- 
turus ;  likewise  the  cosmical  setting  of  the  P/mrfe-y." 

And  Po/yiiMA,  speaking  of  the  loss  of  the  Roman 
fleet,  in  the  first  Punic  war,  says,  ^^  It  was  not  so 
much  owing  to  fortune,  as  to  obstinacy  of  the  con- 
suls, in  not  hearkening  to  their  pilots,  who^  dis- 
suaded them  from  putting  to  sea  at  that  seajsoh  of 
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the  year,  which  was  between  the  rising  of  Orion  and 
the  Dog-star ;  it  being  always,  dangerous^  and  sub- 
ject  to  storms/'* 


Definition.  JVhen  a  star  is  Jirst  immersed  in 
the  evening,  or  hid  by  t^e  surCs  rcMfSy  it  is  saii  to 
set  hdiacally. 

And  this  again  is  said  to  be^  when  a  star  of  the 
first  magnitude  comes  within  twelve  degrees  of  the 
sun,  reckoned  in  the  perpendicular. 

Hence,  again,  we  have  the  following 


Problem  xxxvii.  The  latitude  of  the  place  Je- 
ing  given,  to  find  the  time  of  the  year  when  a  given 
star  sets  heliacalhf* 

Let  the  given  place  be  Rome,  in  latitude  42  deg. 
north,  and  let  the  given  star  be  the  bright  star  in  the 
Bull's  Horn.  Rectify  the  globe  for  the  latitude  of 
the  place,  and  bring  the  star  to  the  edge  of  the  wes- 
tern horizon  ;  turn  the  quadrant  of  altitude^  till  1^ 
d^.  cut  the  ecliptic  on  the  eastern  side  of  the  me- 
ridian. This  will  be  found  to  be  7  deg.  of  Sagittary, 
the,  point  opposite  to  which,  in  the  ecUptic,  is  7  deg. 
of  Gemini ;  and  opposite  to  that,  on  the  honzon,  is 
May  the  28th,  the  time  of  the  year  when  that  sets 
heUacally  in  the  latitude  of  Rome. 

*  Lib.  I.  p.  bSn 
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OF  THE   CORRESPONDENXE    OF    THE    CELESTIAL    AND 

< 

TERRESTRIAL   SPHERES,  ♦ 

That  the  reader  may  thoroughly  understand  what 
IS  meant  by  the  coBPCspondence  between  the  tw6 
spheres,  let  him  imagine  the  celestial  globe  to  be  de- 
lineated upon  glass,  or  any  other  transparent  matter, 
which  shall  invest  or  surround  the  terrestrial  globe, 
but  in  such  a  manner,  that  either  may  be  turned 
about  upon  the  poles  of  the  globe,  while  the  other 
retti^ins  fixed ;  and  suppose  the  first  point  of  Aries, 
on  the  investing  globe,  to  be  placed  on  the  first 
point  of  Aries,  on  the  terrestrial  globe  (which  point 
is  in  the  meridian  of  London),  then  ev^ry  star  in  the 
celestial  sphere  will  be  directly  over  those  places  to 
which  it  is  a  correspondent.  Each  star  will  then  have 
the  degree  of  its  right  ascension  directly  upon  the 
corresponding  degree  of  terrestrial  longitude ;  their 
declination  will  also  be  the  same  with  the  latitude 
of  the  places  to  which  they  answer ;  or,  in  other 
words,  when  the  declination  of  a  star  is  equal  to  the 
latitude  of  a  place,  such  star,  within  the  space  of  24 

hours, .  will  pass  vertically  over  that  place,  and  all 

» 

others  that  have  the  same  latitude* 

If  we  conceive  the  celestial  investing  globe  to  be 
fixed,  and  the  terrestrial  globe  to  be  gradually 
turned  from  west  to  east,  it  is  clear,  that  as  the  me- 
Tidian  of  London  passes  from  one  degree  to  another, 

*  Adams's  Treatise  on  the  Globes. 
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'under  the  investing  sphere,  every  star  in  the  celes- 
tial sphere  becomes  correspondent  to  another  place 
upon  the  earth,  and  so  on,  until  the  earth  has  cora- 
T  pletcd  one  diurnal  revolution ;  or  till  all  the  stars, 
by  their  apparent  daily  motion,  have  passed  over 
every  meridian  of  the  terrestrial|||obe.  From  this 
view  of  the  subject,  an  amazing  variety,  uniting  in 
wonderful  and  astonishing  harmony,  presents  itself 
^o  4he  attentive  reader  ;  and  future  ages  will  find  it 
difficult  to  investigate  the  reasons  that  should  induce 
the  present  race  of  astronomers  to  neglect  a  subject 
so  highly  interesting  to  science,  even  in  a  practkal 
view,  but  which  in  theory  would  lead  them  into  more 
iBublime  speculations,  than  any  that  ever  yet  present- 
ed themselves  to  their  minds. 


A  GENERAL  DESCRIPTION  OF  THE  PASSAGE  OF  TH? 
STAR  MARKED  7  IN  THE  HEAD  OF  THE  CONSTElr 
LATION   DRACO,  OVER   THE    PARALLEL  OF  LONDON. 

The  star  y,  in  the  head  of  the  constellation  Dra- 
co, having  51  aeg.  32  min.  north  declination,  equal 
to  the  latitude  of  London,  is  the  correspondent  star 
thereto.  To  find  the  places  which  it  passes  over,  bring 
London  to  the  graduated  side  of  the  brass  meridian, 
and  you  will  find  that  the  degree  of  the  meridian  over 
London,  and  the  representative  of  the '  star,  passes 
over  from  London,  the  road  to  Bristol,  crosses  the 
Severn,  the  Bristol  channel,  the  counties  of  Cork 
and  Kerry,  in  Ireland ;  the  north  part  of  the  Atlan* 


9 
\ 


GENERAL   DESCRIPTIOK;  ^C.  SGS 

tic  ocean,  the  Streights  of  Belleisle,  New  Britain,  the 
north  part  of  the  province  of  Canada,  New  South 
"Wales,  the  southern  part  of  Kamschatka ;  thence 
over  different  Tartarian  nations,  several  provinces  of 
Russia,  over  Poland,  part  of  Germany,  the  southern 
part  of  the  United  Provinces ;  then,  crossing  the 
sea,  it  arrives  again  in  the  meridian  erf  London. 

When  the  said  star,  or  any  other  star,  is  on  the 
meridian  of  London,  or  any  other  meridian,  all  other 
stars,  according  to  their  declination  and  right  ascenv 
sion,  and  difference  of  right  ascension  (which  an- 
-swers  to  terrestrial  latitude,  longitude,  and  difference 
of  longitude),  will,  at  the  same  time,  be  on  such 
rrieridians,  and  vertical  to  such  places  'as  corres- 
pond in  latitude,  longitude,  and  difference  of  lon- 
gitude, with  the  declination,  &c,  of  the  respective 
stars.* 

From  the  stars,  therefore,  thus  considered,  we 
attain  a  copious  field  of  geographical  knowledge,  and 
may  gain  a  cl^r  idea  of  the  proportionable  distances, 
and  real  bearings,  of  remote  empires,  kingdoms,  and 
provinces,  from  our  own  zenith,  at  the  same  instant 
of  time ;  which  may,  be  found  in  the  same  manner 
as  we  found  the  place  to  which  the  sun  was  vertical 
at  any  proposed  time* 

Many  instances  of  this  mode  of  attaining  geogra- 
phical knowledge,  may  be  found  in  my  father's  trea- 
tise on  the  globes. 


*  JPotman's  Geography* 
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OF  THE  USE  OF  THE  CELESTIAL  GLOBE,  IN  PROBLEMS 

RELATIVE  TO  THE  PLANETS. 

The  situation  of  the  fixed  stars  being  always  the 
same  with  respect  to  one  another^  they  have  their 
proper  places  assigned  to  them  on  the  globe. 

ButAo  the  planets  no  certain  place  can  be  assigned^ 
their  situation  always  varying.         ' 

That  space  in  the  heavens,  within  the  compass  of 
which  the  planets  appear,  is  called  the  zodiac. 

The  latitude  of  the  planets  scarce  ever  exceeding 
8  degrees,  the  zodiac  is  said  to  reach  about  8  de« 
grees  on  each  side  the  ecliptic. 

Upon  the  celestial  globe,  on  each  side  of  the  eclip- 
tic, are  drawn  feight  parallel  circles,  .at  the  distance 
of  one  degree  from  each  other,  including  a  space  of 
1 6  degrees  ;  these  are  crossed  at  right  angles,  with 
segments  of  great  circles  at  every  5  th  degree  of  the 
ecliptic;  by  these,  the  place  of  a  planet  on  the 
globe,  on  any  given  day,  may  be  ascertained  with 
accuracy. 


• 


Problem  xxxviii.  Tojind  the  place  of  any  phi- 
net  upon  the  gbbe,  and  by  that  means  to  find  its 
place  in  the  heavens ^  also,  to  find  at  what  hour  any 
planet  will  rise  or  set,  or  be  on  the  meridian,  on  any 
day  in  the  year. 

Rectify  the  globe  to  the  latitude  and  sun's  place, 
then  find  the  planet's  longitude  and  latitude  in  an 
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ephemeris,  and  set  the  graduated  edge  of  the  move- 
able meridian  to  the  given  longitude  in  the  ecliptic, 
and  counting  so  many  degrees  amongst  the  parallels 
in  the  zodiac,  either  above  or  below  the  ecliptic,  as 
lier  latitude  is  north  or  south ;  and  set  the  centre  of 
the  artificial  sun  to  that  point,  and  the  centre  will 
represent  the  place  of  the  planet  for  that  time. 

Or  fix  the  quadrant  of  altitude  over  the  pote  of  the 
ecliptic,  and  holding  the  globe  fast,  bring  the  edge 
of  the  quadrant  to  cut  the  given  degree  of  longitude 
on  the  ecliptic ;  then  i^eek  the^  given  latitude  on 
the  quadrant,  and  the  place  under  it  is  the  point 
sought. 

While  the  globe  moves  about  its  axis,  this  point 
moving  along  with  it  will  represent  the  planet's  mo- 
tion in  the  heavens.  If  the  planet  be  brought  to  the 
eastern  side  of  the  horizon,  the  horary  index  will  shew 
thetimeof  its  rising.  If  the  artificial  sun  is  above 
the  horizon,  the  planet  will  not  be  visible :  when  the 
planet  is  under  the  strong  brass  meridian,  the  hour 
index  shews  the  time  it  will  be  on  that  circle  inthe 
heavens :  when  it  is  at  the  western  edge,  the  time  of 
its  setting  will  be  obtained. 


Problem  xxxix.  To  find  directly  the  planets 
tvhich  are  above  the  horizon  at  sunset,  upon  any 
given  day  or  latitude. 

Find  the  sun's  place  for  the  given  day,  bring  it  to 
the  meridian,  set  the  hour  index  to  XII,  and  elevate 
the  pole  for  the  giyen  latitude  :  then  bring  the  place 
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of  the  sun  to  the  western  semicircle  of  the  horizon^ 
and  observe  what  signs  are  in  that  part  of  theeclip-* 
tic  above  the  horizon,  then  cast  your  eye  upon  the 
ephemeris  for  that  month,  and  you  will  at  once  see 
what  planet;s  possess  any  of  those  elevated  signs ;  for 
such  will  be  visible,  and  fit  for  observation  on  the 
night  of  that  day. 


Problem  xl.  To  find  the  right  ascension^  decli- 
nation^ amplitude^  azimuth,  altitude,  hour  of  the 
night,  Sgc.  of  anygivjen  planet,  for  a  day  of  a  month 
and  latitude  given. 

Kectify  the  globe  for  the  given  latitude  and  day 
of  the  month ;  then  find  the  planet's  place,  as  be- 
fore directed,  and  then  the  right  ascension,  declina- 
tion, amplitude,  azimuth,  altitude,  hour,  &c.  are  all 
found,  as  directed  in  the  problems  for  the  sun ;  there 
being  no  difference  in  the  process,  no  repetition  can 
be  necessary. 

OF  THE    USE    OF   THE    CELESTIAL    GLOBE,    IN   PRO- 
BLEMS   RELATIVE   TO   TH£    MOON. 

From  the  sun  and  planets  we  now  proceed  to 
those  problems  that  concern  the  moon,  the  brilliant 
satellite  of  our  earth,  which  every  month  enriches 
it  with  its  presence ;  by  the  mildness  of  its  light 
softening  the  darkness  of  night;  by  its  influence 
afiecting  the  tide  ;  and  by  the  variety  of  its  aspects, 
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offering  to  otir  view  some  very  remarkable'  phen<H 
mena 

^'  Soon  as  the  ev'ning  shades  prerail. 
The  moon  takes  up  the  wonderous  talej 
And,  nightly,  to  the  list'ning  earth, 
Repeats  the  story  of  her  birth  : 
Whilst 'all  the  stars  that  round  h^r  burn, 
And  all  the  planets  in  their  turn, 
Confirm  the  tidings  as  they  roll, 
And  spread  the  truth  from  pole  to  pole." 

As  the  orbit  of  the  moon  is  constantly  varying  in 
its  position^  and  the  place  of  the  node  always  change 
ing,  as  h6r  motion  is  even  variable  in  every'^part  of 
her  orbit,  the  solutions  of  the  problems  which  re- 
late to  her,  are  not  altogether  so  simple  as  those 
which  concern  the  sun. 

The  moon  increase!^  her  longitude  in  the  ecliptic 
every  day  about  13  deg.  10  min.  by  which  means  she 
crosses  the  meridian  of  any  place  about  50  min.  later 
than  she  did  the  preceding  day* 

Thus,  if  on  any  day  at  noon  her  place  (longitude) 
be  in  the  12th  d^.  of  Taurus,  it  will  be  13  deg. 
10  min*  more,  or  23  deg.  10  min.  in  Taurus  on  the 
succeeding  noon. 

It  is  new-moon  when  the  sun  and  moon  have  the 
same  longitude,  or  are  in  or  near  the  same  point  of 
the  ecliptic. 

When  they  have  opposite  longitudes,  or  are  in  op- 
posite points  of  the  ecliptic,  it  is  full-moon. 

To  ascertain  the  moon's  place  with  accuracy,  we 
must  recur  to  an  ephemeris ;  but  as  even  in  most 
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ephemer ides  the  moou's  place  is  only  shewn  at  m6 
beginning  of  each  day,  or  XII  o'clock  at  noon,  it 
becomes  necessary  to  supply^  by  a  table,  this  defi- 
ciency, and  assign  thereby  her  place  for  any  inter- 
mediate time. 

In  the  nautical  ephemeris,  published  under  the 
authority  of  the  Board  of  Longitude, .  we  have  the 
'  inoon's  place  for  noon  and  midnight,  with  rules  for 
accurately  obt^ning  any  intermediate  time ;  bnt  as 
this  ephemeris  may  not  always  be  at  hand,  we  shall 
insert,  from  Mr.  Martins  Treatise  on  the  Globes, a 
table  for  finding  the  hourly  motion  of  the  moon. 
In  order,  however,  to  lise  tHU  table,  it  will  be  ne- 
cessary, first,  to  find  the  quantity  ^of  the  moon  s  di- 
urnal motion  in  the  ecliptic  for  any  given  day ;  for 
the  quantity  of  the  moon's  diurnal  motion  varies  from 
about  1 1  deg.  46  min.  the  least,  to  15  deg.  \6  mm. 
when  greatest. . 

The  following  tables  are  calculated  froni  the  least 
of  1 1  deg.  46  min.  to  the  greatest  of  1 5  deg.  16  mm. 
every  column  increasing  10  minutes;  upon  the  top 
of  the  column  is  the  quantity  of  the  diurnal  motion, 
and  oh  the  side  of  the  table  are  the  24  hours;  b/ 
which  nieansit  will  be  easy  to  find  what  part  of  the 
diurnal  motion  of  the  moon  answers  to  any  given 
number  of  hours. 

Thus,  suppose  the  diurnal  motion  to  be  12^' 32, 
look  on  the  top  column  for  the  number  nearest  to 
it,  which  you  will  find  to  be  12°  36'^  in  the  sixth 
column ;  and  under  it,  against  9  hours,  you  will  find 
4  deg.  43  min,  which  is  her  motion  in  the  ecliptic m 
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th^  Spac^  of  9  hours  for  that  day.  The  quantity  o^ 
the  diurnal  motion  for  any  day  is  found  by  taking 
the  difFerence  between  it  and  the  preceding  dty. 

Thus^  let  the  diurnal  motion  for  the  11th  of  May, 
1787>  ^  required. 

signs,    deg.    min. 

On  the  1  ith  of  May  her  place  was  -  1 1  2  35 
On  the  10th  of  May 10     19    47 

The  diurnal  motion  sought    -     12    4B 
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TABLES 


FOR    FINDING   THE    HOURCY   MOTION    OF  THE  MOOK, 
AND   THEREBY    HER   TRUE   PLACE   AT 
ANY  TIME   OF   THE    DAY. 


TABLE L 
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13  40 
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8 
"9 

4  52 

4  35 

4  39 

4  42 

.4  45 
4  21 

4  49 

5  25 

4  52 

5  28 

4  55 

4  59 
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5  32 

5  36 
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The  moon's  path  may  be  represented  on  the  globe 
in  a  very  pleasing  manner^  by  tying  a  silken  line  over 
the  surface  of  the  globe  exactly  on  the  ecliptic ;  then, 
finding  by  an  ephemeris  the  place  of  the  nodes  for 
the  given  time,  confine  the  silk  at  these  two  points, 
and  at  QO  degrees  distance  from  them  elevate  the  line 
about  5t  deg.  from  the  ecliptic,  and  depress  it  as 
much  on  the  other,  and  it  v^ill  then  represent  the 
lunar  orbit  for  that  dav. 

Problem  xli.     Tojind  the  mooris  place  in  th  ^P- 
liptic  for  any  given  hour  of  the  day. 

You  should  be  provided  with  an  ephemeris,*  that 
will  give  the  moon's  latitude  and  place  in  the  eclip- 
tic :  first,  note  her  place  in  the  ecliptic  upon  the 
globe,  and  then  counting  so  many  degrees  amongst 
the  parallels  in  the  zodiac,  either  above  or  below 
the  ecliptic,  as  her  latitude  is  north  or  south  upon  the 
given  day,  and  that  will  be  the  point  which  repr^ 
^nts  the  true  place  of  the  moon  for  that  time,  to 

.  which  apply  the  artificial  sun,  or  a  small  patch. 
Thus,  on  the  11th  of  May,  1737,  she  was  at 

.  noon  in  2  deg.  35  min.  of  Pisces,  and  her  latitude 
was  4  deg.  18  min. ;  but,  as  her  diurnal  motion  for 
that  day  is  12,  48  in  nine  hours,  sh^  will  have  passed 
over  4  deg.  47  min.  which,  added  to  her  place  at 

"noon,  gives  7  h.  22  min.  for  her  placq  on  the  1 1th  of 
May,  at  nihp  at  night. 

♦  The  Nautical  Almanack  is  the  best  English  ephemeris,  W«/tf'l 
J)phemeris  is  a  yery  useful  manual.    Edit. 
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Probljem  xtii.     lojind  the  moon>s  declination  for 

J  or  coiy  given  day  or  hour. 

The  place  in  her  orbit  being  found  by  Prob.  xli, 
bring  it  to  the  brazen  meridian ;  then  the  arc  of  the 
meridian  -contained  between  it  and  the  equinoctial 
«tvill  be  the  decHnation  sought. 

« 

Problem  xliii.  To  find  the  rnoons  greatest  and 
least  mtridiafi  altititdes  in  any  given  latitude^  that 
of*  London,  for  example* 

It  is  evident,  this  can  happen  only  when  the 
ascending  node  of  the  moon  is  in  the  vernal  equinox  ; 
for  then  her  greatest  meridian  ahitude  will  be  5  deg. 
greater  than  that  of  the  sun,  and  therefore  about  67 
deg.;  also,  her  least  meridian  altitude  will  be  5  deg, 
Jess  than  that  of  the  sun,  and  therefore  only  1 0  deg. ; 
there  will  therefore  be  b^  deg.  difference  in  the  me- 
ridian altitude  of  the  moon ;  whereas  that  of  the  sun 
is  about  47  deg; 

N.B,  When  th^  same  ascending  node  is  in  the 
autumnal  equinox,  then  will  her  meridian  altitude 
differ  by  only  37  deg. ;  but  this  phenomenon  can 
separately  happen  but  once  in  the  revoluHon  of  a 
node,  or  once  in  the  space  of  I9  years :  and  it  wiU 
be  a  pleasant  ent^rtainmeht  to  place  the  silken  line 
to  cross  the  ecliptic  in.  the  equinoctial  points  alter.!^ 
nately ;  for  then  the  reason  will  more  evidently  ap- 
n^ar,  why  you  observe  the  moon  sometimes  with- 
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in  23  deg,  of , our  zenith,  and  at  other  times  not 
ibore  than  10  deg.  above  the  horizon,  when  she  is" 
fiill  south. 


Problem  xliv.     To  ilhistrate^  hy  theglohey  the  phe- 
nomena of  the  harvest  moon. 

0 

0 

About  the  time  of  the  aut\imnal  equinox,  when 
the  moon  is  at  or  near  the  full,  she  is  observed  to 
rise  almost  at  the  same  timq  for  several  nights  to- 
gether :  and  this  phenomenon  is  called  the  harvest 
mooti* 

This  circumstance,  with  which  farmers  were  bet- 
ter acquainted  than  astronomers,  till  within  these 
few  years,  they  gratefully  ascribed  to  the  goodness 
of  God,  not  doubting  that  he  had  ordered  it  on  pur- 
pose to  give  them  an  immediate  supply  of  moon- 
light after  sun-set,  for  their  greater  convenience  in 
reapii^g  the  fruits  of  the  earth. 

In  this  instance  of  the  harvest  moon,  as  in  many 
others  discoverable  by  astronomy,  the  wisdom  and 
beneficence  of  the  Deity  is  conspicuous,  who  really 
so  ordered  the  course  of  the  moon,  as  to  bestow 
jnore  or  less  light  on  all  p^irts  of  the  earth,  as  theif 
several  circumstances  and  seasons  render  it  more  or 
less  serviceable.* 

About  the  equator,  where  there  is  no  variety  of 
seasons^  moon-light  i^  not  n^cesi^ary  for  gathenng  in 
the  produce  of  the  ground,  and  there  the  moon  x\^ 

*^  Fprgu^ojCs  AstronoiDj. 
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about  50  rinputes  later  every  day  or  night  than  on 
the  former.  At  considerable  distances  from  the 
equator,  where  the  weather  and  seasons  are  more 
uncertain,  the  autumnal  fulUmoon  rises  at  sun-set 
from' the  first  to  the  third  quarter.  At  thepoleai^ 
where  the  sun  is  for  half  a  year  absent^  the  winter 
moons  shine  constantly  without  setting,  from  the 
first  to  the  third  quarter. 

But  this  observation  is  still  further  confirmed, 
when  we  consider  that  this  appearance  is  only  pe* 
culiar  with  respect  to  the  full-moon,  from  which 
only  the  farmer  can  derive  any  advantage  ;  for,  in 
every  other  month,  as  well  as  the  three  autumnal 
ones,  the  moon,  for  several  days  together,  will 
vary  the  time  of  *its  rising  very  little ;  but  then  in 
the  autumnal  months  this  happens  about  the  time 
M^hen  the  moon  is  at  the  full :  in  the  vernal  months, 
about  the  time  of  new-moon ;  in  the  winter  months, 
about  the  time  of  the  first  quarter ;  and  in  the  sum* 
xneir  months,  about  the  time  of  the  last  quarter. 

These  phenomena  dejiend  upon  the  different  an- 
gles made  by  the  horizon,  and  different  parti  of  the 
moon's  orbit,  and  that  the  moon  can  n  be  full  but 
onoe  or  twice  in  a  year,  in  those  parts  of  her  orbit 
-which  rise  with  the  least  angles. 

The  moon's  motipn  is  so  nearly  in  the  ecliptic, 
that  we  may  consider  her  at  present  as  moving 
m  It. 

-     The  different  parts  of  the  ecliptic,  on  account 
4>f  its  obliquity  to  the  earth's  axis,  make  very  dif- 
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fereiit  angles  with  the  horizon  as  they  rise  or  set. 
Those  parts,  or  signs,  which  rise  with  the  smallest 
angles,  set  with  the  greatest,  and  vice  verm.  In 
equal  times,  whenever  this  an^le  is '  least,  a  greater 
portion  of  the  ecliptic  rises  than  when  the  angle  is 
larger. 

This  may  be  seen  by  elevating  the. globe  to  any 
considerable  latitude,  and  then  turning.it  round  its 
axis  in  the  horizon.  ' 

When  the  moon,  thei^efore,  is  in  those  sign» 
which  rise  or  set  with  the  smallest  angles,  she  will 
rise  or  set  \y ith  the  least  difference  of  time ;  and  with 
the  greatest  difference  in  those  sigfts  whiqhriseor  set 
with  the  greatest  angles. 

ThuS;,  in  thp  latitude  of  London,  at  th^  time  of 
the  vernaj  equinox,  wl>en  the  sun  is.  setting  in  the 
western  part  of  the  horizon,  the  ecliptic  then  makes 
an  angle  of  62  degrees  with  the  horizon ;  but  when 
the  sun  is  in  the  au4iuinnal  equiQo^,  and  setting  in 
the  same  western  part  Cff  the  horizon,  the  ecliptic 
jnakes  an  angle  but  qf  15  degrees  .with  the  horizon  ; 
^\\  which  i$  pvidwit  by  a  bare  inspection  of  the 
globe  only. 

Again,,  according  to  the  greater  or  less  inclina- 
tion of  the  ecliptic  to  the  horizon,  so  a  greater  of 
)ess  degree  of  motion  of  the  globe  about  its  axi^ 
will  be  necessary  to  cause  the  s^me  arc  of  the  eclip- 
tic to  pass  through  the  horizon ;  and  consequently 
the  time  of  its  passage  will  be  greater  or  less  in  the 
same  proportion ;  but  this  will  be  best  illustrated  by 
an  example. 
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Therefore,  suppose  the  sun  in  the  vernal  equi- 
nox, rectify  the  globe  for  the  latitude  of  London, 
and  the  place  of  the  sun;  then  bring  the  vernal 
equinox,  or  sun's  place,  to  the  western  edge  of 
the  horizon,  and  the  hour  index  will  point  pre- 
cisely to  VI ;  at  vvl^ich  time  we  will  also  suppose 
the  moon  to  be  in  the  autumnal  equindx,  and  con- 
sequently at  full  and  rising  exactly  at  the  time  of 

sun-set. 

* 

But  on  the  following  day,  the  sun,  being  advanced 

scarcely  one  degree  in  the  ecliptic,  will  set  again 

very  nearly  at  the  same  time  as  before;  but  the 

moon  will,  at  a  mean  rate,  in  the  space  of  one  day 

pass  over  13  deg.  in  her  orbit;  and  therefore,  when 

the  sun  $ets  in.  the  evening  after  the  equinox,  the 

moon  will   be   below  the  horizon,  and  the  globe 

must  be  turned  about  till  83  degrees  of  Libra  come 

up  to  the  edge  of  the  horizon,  and  then  the  index 

will  point  to  7  h:  6  min.  the  time  of  the  moon's 

rising,  which  is  an  hour  and  quarter  after  sun-set 

for  dark  night.'    The  next  day  following  there  will 

be  two  hours  and  an  half,  and  so  on  successively, 

with  an  increase  of  one  hour  and   a/ quarter  dark 

night  e^ch  evening  respectively,  at  this  season  of  the 

year  ;  all  owing  to  the  very  great  angle  which  the 

pcliptic  makes  with  th^  horizon  at  the  time  of  the 

l^adoa's  rising. 

On  the  other  hanjd,  suppose  the  sun  in  the  au- 
tumnal equinox,  or  beginning  of  Libra,and  the  moon 
opposite  to  it  in  the  vernal  equinox,  then  the  globe, 
f€ctified  as  before,  being  turned  about  till  the  sun's 
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place  comes  to  the  western  edge  of  the  horizon^  the, 
index  will  point  to  VI,  for  the  time  of  the  setting 
and  the  rising  of  the  full-moon  on  that  equinoctial 
day.  On  the  following  day,  the  sun  will  set  nearly 
at  the  same  time ;  but  the  moon  being  advanced 
(in  the  24  hours)  13  degrees  in  the  ecliptic,  the 
globe  must  be  turned  about  till  that  arch  of  the  ec- 
liptic shall  ascend  the  horizon ;  which  motion  of  the 
globe  will  be  very  little,  as  the  ecliptic  now  make» 
so  small  an  angle  with  the  horizon,  as  is  evident  by 
the  index^  which  now  points  to  V I  h.  17  m.  for  the 
time  of  the  moon's  rising  on  the  second  day, 
which  is  about  a  quarter  of  an  hour  after  sun-set. 
The  third  day,  the  moon  will  rise  within  half  an 
hour ;  on  the  fourth,  within  three  quarters  of  an 
bour>  and  po  on ;  so  that  it  will  be  near  a  week 
before  the  nights  will  be  an  hour  without  illumina-. 
tion :  and  in  greater  latitude^  this  difference  will  be 
still  greater,  as  you  will  ^easily  find  by  varying  the 
case,  in  the  practice  of  this  celebrated  problem  oa 
the  globe. 

This  phenomenon  v^rie§  in  different  years ;  the 
moon  s  orbit  being  inclined  to  the  ecliptic  about 
five  degrees,  and  the  line  of  the  nodes  continually 
moving  retrograde,  the  inolination  of  her  orbit  to 
the  equator  will  be  greater  at  some  seasons  than  it  i& 
at  others,  which  prevents  her  hastening  to  the  north-, 
ward,  or  descending  southward,  in  each  revolution^ 
with  an  equ^l  pace. 


Problem  xlv.  To  find  at  what  azimuth  the  moon 
is  Upon  at  am/place  when  it  is  flood,  or  high  water ; 
and  thence  the  high  tide  for  any  day  of  the  moon's 
age  at  the  same  place. 

Having  observed  the  hour  and  minute  of  high 
water^  sibout  the  time  of  new  or  fiill-moon,  rectify 
the  globe  to  the  latitude  and  sun's  place ;  find  the 
moon's  place  and  latitude  in  the  ephemeris,  to 
virhich  set  the  artificial  moon,  or  a  patch  represent- 
ing the  moon,  and  screw  the  quadrant  of  altitude  in 
the  zenith ;  turn  the  globe  till  the  horary  index  points 
to  the  time  of  flood,  and  lay  the  quadrant  over  the 
centre  of  the  artificial  moon,  and  it  will  cut  the  ho- 
rizon in  the  point  of  the  compass*  upon  which  the 
moon  was,  and  the  degrees  on  the  horizon  contained 
between  the  strong  brass  meridian  and  the  quadrant, 
will  be  the  moon's  azimuth  from  the  south. 


"7b  find  the  time  of  high  water  at  the  same  place* 

Rectify  the  globe  to  the  latitude  and  zenith,  find 
the  moon's  place  by  an  ephemeris  for  the  given  day 
of  her  age,  or  day  of  the  month,  and  set  the  arti- 
ficial moon  to  that  place  in  the  zodiac :  put  the  qua- 
drant of  altitude  to  the  azimuth  before  found,  and  ^ 
turn  the  globe  till  the  artificial  moon  is  under  it8 
graduated  edge,  and  the  horary  index  will  point  to 
the  time  of  the  day  on  which  it  will  be  high  water. 
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tdz  ,VSt  OF  THE  CELESTIAL  GLOBE  IN  THE  SOttj- 
TION  OF  PROBLEMS  ASCERTAINING  THE  PLACES 
AND    VISIBLE  MOTIONS    OR    ORBITS    OF    COMETS.* 

There  is  another  class  or  species  of  planets^ 
which  are  called  comets.  These  move  round  the 
sun  in  regular  and  stated  '  periods  of  times^  in  the 
same  manner,  and  from  the  same  cause,  as  the  rest 
of  the  planets  do;  that  is,  by  a  centripetal  force, 
every  where  deci'easing  as  the  squares  of  the  dis- 
tances increase,  which  is  the  general  law  of  the 
whole  planetary  system.  But  this  centripetal  force 
in  the  comets  being  compounded  with  the  projec- 
tile force^  in  a  very  different  ratio  from  that  \<^hich 
is  found  in  the  planets,  causes  their  orbits  to  be  much 
more  elliptical  than  those  of  the  planets,  which  are 
almost  circular. 

*  But,  whatever  may  be  the  form  of  a  comet's  orbit 
in  reality,  their  gepcentric  motions,  or  the  appa- 
rent paths  which  they  describe  in  the  heavens 
among  the  fixed  stars,  will  always  be  circular,  and 
therefore  may  be  shewn  upon  the  surface  of  a  celes- 
tial globe,  as  well  as  the  motions  and  places  of  any 
of  the  rest  of  the  planets. 

To  give  an  instance  of  the  cometary  praxis  on 
the  globe,  we  shall  chuse  that  comet  for  the  sub-- 
ject  of  these  problems,  which  made  its  appearance 

*  i>/«r///z's  Description  and  Use  of  the  Globes. 
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at  Boston,  in  New  England,  in  the  months  of  Oc- 
tober  and  November,  1758,  in  its  return  to  the 
»un ;  after  which  it  approached  so  near  the.  sun, 
as  to  set  keliacallyy  or  to  be  lost  in  its  beams,  for 
some  time  spent  in  passing  the  perihelion.  Then 
afterwards  emerging  from  the  solar  rays,  it  ap- 
peared retrograde  in  its  course  from  the  sun  to- 
wards the  latter  end  of  March,  and  so  continued 
the  whole  month  of  April  and  part  of  May,  in  the 
West  Indies,  particularly  in  Jamaica,  whose  lati- 
tude rendered  it  visible  in  those  parts,  when  it 
was  for  the  greatest  part  of  the  time  invisible  to 
us,  by  reason  of  its  southern  course  through  the 
heavens. 

When  two  observations  can  be  made  of  a  comet, 
it  will  be  very  easy  to  assign  its  course,  or  mark  it 
out  upon  the  surface  of  the  celestial  globe.  These, 
with  regard  to  the  above-mentioned  comet,  we  have, 
and  they  are  sufficient  for  our  purpose  in  regard  to 
the  solution  of  cbmetary  problems. 

By  an  observation  made  at  Jamaica  on  the  .91st  of 
March,  17^9^  at  five  o'clock  in  the -morning,  the 
comet's  altitude  was  found  to  be  22  de^,  50  min.  and 
its  azimuth  "JX  deg,  south-east.  From  hence  we 
shall  find  its  place  on  the  surface  of  the  globe  by  the 
following  problem. 
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Probiem  xlvi.  To  rectify  the  globe  for  the  ta-^ 
titude  of  the  place  of  observation  in  Jamaica,  latU 
tude  17  deg.  30  min.  and  given  day  of  the  rmntky 
viz.  March  31st. 

Elevate  the  north  pole  to  If  deg.  30  mm.  above 
the  horizon^  then  fix  the  quadrant  of  altitude  to  the 
same  degree  in  the  meridian,  or  zenith  point.  Agstifl, 
the  sun's  pla<*e  for  the  '31st  of  March  is  in  10  deg. 
34  min.  Tf  5  which  bring  to  the  meridian,  and  set  the 
hour  index  at  XII,  and  the  globe  is  then  rectified  for 
the  place  and  time  of  observation  • 


/ 


Problem  xlvii.  To  determine  the  place  of  a 
comet  on  the  surface  of  the  celestial  globe  from  its 
given  altitude^  azimuth,  hour  of  the  day,  and  alti- 
tude of  the  place. 

The  globe  being  rectified  to  the  given  latitude, 
and  day  of  the  month,  turn  it  about  towards  the 
east,  till  the  hour  index  points  to  the  given  time,  viz. 
V  o*clock  in  the  morning  ;  then  bring  the  quadrant 
of  altitude  to  intersect  thb  horizon  in  71  ^^'  ^^ 
given  azimuth  in  the  south-east  quarter ;  then,  under 
22  deg.  50  min.  the  given  altitude,  you  will  find  the 
Comeths  place^  where  you  may  put  a  small  jatch  to 
represent  it 
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Problem  xlviii.     To  find  the  latUudcy  longitude, 
declination^  and  right  ascension  of  the  comets. 

In  the  circles  of  latitude  contained  in  the  zodiac^ 
you  will  find  the  latitude  of  the  comet  to  be  about 
30  deg.  30  min.  from  the  ecliptic ;  the  sanie  circle 
of  latitude  reduces  its  place  to  the  ecliptic  in  26  deg. 
.30  min.  of  xsr,  which  is  its  longitude  sought.  Then 
bring  the  cometary  patch  to  the  brazen  meridian^ 
and  its  dieclination  will  be  shewn  to  be  9  deg.  15  min. 
south.  At  the  same  time^  its  right  ascension  will  b« 
227  deg.  30  min.  r 


Problem  xlix.  To  shew  the  time  of  the  comefs 
rising y  southing,  setting,  and  amplitude^  for  tfie  day 
of  the  observation  at  Jamaica. 

Bring  the  place  of  the  comet  into  the  eastern  se- 
micircle of  Jhe  horizon,  {the  globe  being  rectified  as 
directed)  the  index  will  point  to  III  hours  15  min. 
which  is  the  time  of  its  rising  in  the  morning  at 
Jamaica,  the  amplitude  10  deg.  very  nearly  to  the 
south,  "the  patch  being  brought  to  the  meridian^ 
the  index  points  to  IX  o'clock  10  miiu  for  the  time 
of  culminating,  or  being  south  tt>  them.  Lastly^ 
bring  the  patch  to  touch  the  western  meridian,  and 
the  index  will  point  to  III  in  the  afttmoon,  for 
the  time  of  the  comet's  setting,  witji  10  .degriseji  of 
iouthern  amplitude^  of  course. 
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Problem  l.  From  the  comefsplacf  being  gke^ 
tojind  the  time  of  its  rising  in  the  horizon  of  Lota 
don,  on  the  31  st  dayofMarch,  17  bQ. 

For  this  purpose  you  need  only  rectify  the  globe 
for  the  given  latitude  of  London^  and  bring  the  co- 
Jiietary  patch  to  the  eastern  horizon^  and  the  index 
points  to  III  hours  45  min.  for  the  time  of  its  rising 
at  London^  with  «about  14  deg.  of  south  amplitude; 
then  turn  the  patch  to  the  western  horizon^  and  the 
index  points  to  II  h«  25  min.  the  time  of  its  setting. 
: .  N.B.  From  hence  it  appears,  the  comet  rose  soon 
enough  that  morning  to  have  been  observed  at  Lon- 
don, had  the  heavens  been  clear,  and  the  astronomers 
been  before-hand  apprized  of  such  a  phenomenon. 

Problem  li.  To  determine  another  place  of  iht 
same  comet,  from  an  observation  made  at  London  on 
the  6th  day  of  May,  at  ten  in  the  evening. 

On  the  6th  day  of  May,  1759,  at  ten  at  night,  the 
place  of  the  comet  wa9  observed,  and  its  distance 
Measured  with  a  micrometer,  from  two  fixed  stars, 
marked /i'  and  v,in  the  ^onatellation  called  Hyjir^j^ 
its  ahitade  was  found  to  be  1 6  deg.  and  its  azimatb 
»7  deg.  south-west ;  from  whence  .  its  pkce  on  the 
surface  of  the  globe  is  exactly  determined  as  in  Fro- 
biem  xlvii,  and  having  stuck  a  patch  thereon,  yon 
will  have  the  two  places  of  the  coisiet  o»  the  sur&ce 
o£  the  globe^  fov  the  t?ro  distant  dayi^  and  pla^  ^ 
observation,  as  required. 
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Problem  lii.  From  two  given  places  of  a  comets 
to  assign  its  apparent  path  amo^g  thejixed  stars  in 
the  heavens. 

The  two  places  of  the  comet  being  determined  by 
the  observations  on  the  31st  of  March,  1758,  and 
the  6th  of  May  following,  and   denoted  by  two 
patches  respectively,  you  must  move  the  globe  up 
and  down,  in  the  notches  of  the  horizon,  till  such 
time  as  you  bring  both  the  patches  to  coincide  with 
the  horizon  ;  then  will  the  arch  of  the  horizon  be- 
tween the  two  patches  shew,  upon   the  celestial 
globe,  the  apparent  place  of  the  comet  in  the  interval 
between  the  two  observations,  and  by  drawing  a  line 
with  a  black-lead  pencil  along  by  the  frame  of  the 
horizon,  its  path  on  the  surface  of  the  globe  will  be 
delineated,  as  required.     And  here  it  may  be  ob- 
served, that  its  apparent  path  lies  ^through  the  toU 
lowing  southern  constellations,  viz.  the  tail  of  Ca- 
pricorn, the  tail  of  Piscis  Australis,  by  the  head  of 
Indus,  the  neck  and  body  of  Pavo,  through  the  nedc 
of  Apus,  below  Triangulum  Australe,  above  Mttsca, 
by  the  lowermost  of  the  Crosiers,  across  the  hiftd 
legs  and  through  the  tail  of  Centaurus,  fropi  thenoe 
between  the  two  stars  in  the  back  of  the  Hydra  bi- 
fore-mentioned  ;  after  this,  it  passed  on  to  Sextan$ 
Uraniae,  and  then  to  the  ecliptic  near  Cor  Le^MUk 
soon  after  which  it  totally  disapp<eartd« 
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Problem  liii.  To  estimate  the  apparent  vehdiy 
of  a  cornet^  two  places  thereof  being  given  by  obser- 
vation. 

*  Let  one  place  be  ascertained  near  the  beginning  of 
its  appearance,  and  the  other  towards  the  end  thereof; 
then  bring  these  two  places  to  the  horizon,  and 
count  the  number  of  degrees  intersected  between 
them,  which  being  the  space  apparently  described  in 
a  given  tiipe,  will  be  the  ve  locity  required.  Thus, in 
the  case  of  the  above-mentii  »ned  comet,  you  will  find 
that  it  described  morie  than  150  deg.  in  the  space  of 
36  tJays,  which  is  more  than  four  deg.  per  day. 

« 

Problem  liv.    To  represent  the  general phenoviteim 
of  the  comet  for  any  given  latitude. 

'Briiig  the  visible  path  of  the  comet  to  coineide 
with  the  horizon,  by  which  it  was  drawn,  and  then 
observe  what  degree  of  the  meridian  is  in  the  north 
point  of  the  horizon,  >yhich,  in  the  case  of  the  fore- 
going comet,  will  be  the  23d  deg^  This  will  shew 
the  greatest  latitude  in  which  the  whole  path  can  be 
visible. in  any  latitude  less  than  this,  as  thatof  Ja- 
maica;  where,  for  instance,  the.  most,  southern  part  of 
the  path  will  be  elevated  more  than  five  deg.  above 
the  horizon>.and  the  comet  visible  through  the  whole 
.Auae^of  its  apparition.  But  rectifying  the  globe  for 
the  latitude  of  London^  the  path  of  the  said  cooiet 
will  be  for  the  most  part  invisible,  or  below  the  ho- 
fiwxi ;  and  therefore  it  couH  not  have  been  seen  in 
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©ur  latitude,  but  at  times  very  near  the  beginning 
and  end  of  its  appearance  ;  because,  by  bringing  the 
comet's  path  on  one  part  to  the  south  point  of  the  ho- 
rizon, it  will  immediately  appear  in  what  part  the 
comet  ceases  to  be  visible ;  and  then  bringing  the 
other  part  of  the  path  to  the  point,  it  will  appear  in 
what  part  it  will  again  become  visible. 

After  this  manner  may  the  problems  relating  to 
any  other  comets  be  performed ;  and  thus  the  paths 
of  the  several  comets,  which  have  hitherto  been  ob- 
served,  may  be  severally  delineated  on  the  celestial 
globe,  afid  their  various  phenomena  in  different  lati- 
tudes be  thereby  shewn. 

Note. — A  much  more  remarkable  comet  than  the 
one  of  I8075  and  which  I  noticed  at  page  166  of 
this  work,  made  its  first  appearance  in  our  northern 
hemisphere  at  the  end  of  August  last,  and  has  con- 
tinued till  the  present  time  (25th  Dec.  1811),  tra- 
versing among  the  northern  constellations,  with  su- 
perior brilliancy,  extent  of  coma  and  duration,  to 
all  other  comets  observed  in  the  last  century.  It  is 
now  nearly  at  its  extreme  diminution  of  appear- 
ance,  or  at  the  vanishing  distance.  It  was  only 
first  observed  about  its  recess  from  the  perihelion, 
or  the  sun,  and  the  following  is  the  best  summary 
of  its  paths  and  elements,  that  could  be  collected 
from  various  correct  observations,  on  clear  nights : 
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This  comet  approached  nearest  the  earth  about 
the  20th  October,  and  was  then  at  a  distance  of 
about  112  millions  of  miles^  with  a  tail  extending 
in  length  about  12  degrees.  Dr.  Herschel  esti- 
mated its  body  to  be  in  diameter^  about  428  miles, 
enveloped  in  a  cometic  atmosphere. 

Plate  10^  Jig.  Ay  is  a  diagram  of  the  paths  from 
the  above  observations.  It  was  last  seen  near  the 
iBtar  Altair,  in  the  Eagle. — Edit, 
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ESSAY    III. 

CONTAINING 

^  BESCRllPTIOJV 

OF   Tllf.   MOST   IMPROVED 

PLANETARIUM,  TELLURIAN,  AND  LUNARIUM, 

■  '  •  t,      •    i^"' 

1  NOW  proceed,  in  pursuance  of  my  original)  plan, 
to  describe  one  of  the  instruments  contrived  to  faciv 
litate  the  study  of  geography  and  astronomy.  It  will 
realize  to  tl^e  eye  of  the  pupil  many  phenomena,  and 
impress  them  strongly  on  his  memory.  The  instru- 
ment here  described  may  l^e  considered  as  one  of 
the  best  hitherto  contrived  for  explaining  the  celes^ 
tial  motions.  The  description  oi^this  will,  with  very 
few  alterations,  apply  to  most  other  instruments  de- 
signed for  tiie  same  purpose.  The  explanation  of 
the  instrument  will  also  enable  me  to  render  some 
articles  plainer,  and  to  treat  others  more  fully^ 
while  those  who  have  not  thoroughly  comprehended 
what  has  been  already  said,  may  gain  mone  perfect 
ideas  of  the  subject. 

It  seems  highly  probable,  that  the  ancients  were 
not  unacquainted  with  planetary  machines,  and  that 
the  same  powers  of  genius  which  led  them  to  con- 
template an4  reason  upon  the  motion  of  the  heavenly 
bodies,  induced  them  to  realize  their  ideas,  and 
form  instruments  for  explaining  them  ;  and  we  may 
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fairly  presume,  that  these  were  carried  to  no  small 
degree  of  perfection,  when  we  consider  that  of  one, 
Archimedes  was  the  maker,  and  Cicero  the  encomiast. 
The  instrument  now  to  be  described  was  invented 
by  the  celebrated '-Hii^g-ew^,  though  since  his  time 
it  has  been  ascribed  to  almost  as  many  inventors  as 
makers ;  each  deviation  in  form,  the  mounting  it  in 
this  mode  or  the  other^  the  addition  of  a  zodiac,  or 
some  such  slight  changes,  have  been  deemed  by 
many  of  sufficient  importance  to  give  them  a  claim 
to  the  title  of  inventors  :— be  it  so.  Let  the  friend 
of  science  encourage  every  humble  effort  to  improve 
it ;  and  let  him  bestow  a  name  which,  though  it 
may  in  some  measure  gratify  vanity,  yet  incites  to 
labour,  rather  than  by  contempt,  check  the  ardour, 
Or  discourage  the  talents  which,  when  called  forth, 
may  be  of  the  greatest  service  to  society. 

DESCRIPTION    OF  THE   PLANETARIUM. 

Plate  Hi  Jig •   li  represents  the  planetariumr* 

*  This  instrument,  with  two  other  parts^  the  Tellurian  and  Ln- 

nariunij  plate  xii«  fig.  1  and  2,  comprises  an  Orrery, 'the  most  port-' 

able  and  complete  of  any  t)ther  made.     By  the  triple  dirision  of  the 

machine,  the  motions  are  more  completely  and  accurately  shewn 

than  by  the  larger  and  usual  kinds,  where  all  the  planetary  ©<»- 

lions  are  attempted  to  be  exhibited  in  one  machine.     It  requires  a 

considerable  bulk,  as  well  as  expence,  to  unite  in  one  machine 

only,  the  motions  displayed  in  this,*  and  much  more  so,  when  th« 

periodical  revolutions  of  the  satellites  are  included.  The  box  ABC, 

is  supported  on  a  brass  {)illar  and  stand  not  shewn  in  the  figure; 

•and  the  arms  are  to  be  taken  off  their  common  central  arbor,  when 

either  of  the  other  two  parts  the  Tellurian  and  Lunarium  is  to  be 

applied.     The  diameter  of  the  brass  box  is  about  10  iucbet,  ^ 
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The  box  ABC  contains  the  wheel-work  by  which 
the  planets  are  made  to  move  round  a  brass  ball  S, 
representing  the  sun :  this  motion  is  communicat- 
ed to  them  by  turning  the  handle. 

A  planetarium  may  be  considered^  in  some  sort^ 
as  a  diametrical  section  of  our  universe,  in  which  the 
upper  and  lower  hemisphere  are  suppressed. 

The  upper  plate  is  to  answer  for  the  ecliptic ;  on 
this,  therefore^  are  placed^  in  two  opposite  circles, 
corresponding  to  each  other,  the  signs  of  the  eclip- 
tic, and  the  days  of  the  month,  by  means  whereof 
the  planets  may  be  easily  set  to  their  mean  places  in 
the  ecliptic  for  any  day  in  the  year.  Through  the 
centre  of  the  plate  there  passes  a  strong  stem,  on 
which  the  brass  ball  S  is  placed,  which  represents 
the  sun  ;  found  the  stem  are  the  different  sockets, 
which' carry  the  arms,  by  which  the  balls  represent- 
ing the  planets  are  supported.  The  planets  are  ivory 
balls,  having  the  hemisphere  which  is  next. the  sun 
white,  the  other  black,  to  exhibit  their  respective 

the  machine  and  apparatus  packs  in^o  a  neat  portable  mahoganjT 
case,  about  20  inchei  in  height,  and  12  inches  square. 

This  machine,  with  the  exception  of  a  few  late  improvements, 
was  originallj'  constructed  by  the  late  learned  Optician,  Mr. 
Benjamin  Martin.' 

A  similar  macjiine,  of  correspondent  figure  and  dimensions,^ 
is  sometimes  milde  to  exhibit,  by  wheel. work,  the  periodical  re- 
Tolutions  of  the  satellites  of  Jupiter  about  that  planet ;  and  from 
illustrating  the  Jorian  system,  is  denominated  "  The  Jovarium.** 
The  two  form  a  pair  of  complete  instruments  either  for  tlie  stu- 
dent or  lecturer. 

■ 

In  a  similar  manner,  a  rq^chine  for  exhibiting  tl^  periodical 
rerolution  of  Saturn's  satellites  may  be  constructed^     £j>itv 
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places  to  each  oth^r.  Tlie  planets  may  be  easily 
put  on  or  taken  off*  their  sockets,  as  occasion  re- 
quires. About  the  primary  planets  are  placed  the 
secondary  planets,  or  moons,  which  are  in  this  in- 
strument only  moveable  by  hand ;  but  when  the  in- 
strument is  fitted  upon  a  large  scale,  and  in  a  more 
expensive  form,  even  these  are  put  in  motion  by  the 
wheel-work. 

The  planets  are  disposed  in  the  following  order : 
in  the  centre  is  the  brass  ball  ©,  to  represent  the 
sun ;  then  Mercury  5  ,  Venus  9  ,  the  earth  0 ,  Mars  (J , 
Jupiter  1/.,  Saturn  Tj  ;  then  the  Georgium  Si- 
dus  !§.. 

When  the  pupil  has  been  gratified  by  putting  the 
instrument  in  motion,  and  making  his  own  obser- 
vations on  those  motions,  it  will  be  proper  to  ac- 
quaint him  with  the  names  of  the  different  planets, 
and  of  their  division  into  primary  and  secondary,  to 
shew  him  how  they  were  first  distinguished  from 
>£lie  fiied  stars,  and  how  the  length  of  their  periodic 
revolution  was  discovered.  Here  it  will  be  proper 
to  observe,  that  the  annual  motion  of  the  earth,  or 
the  time  it  takes  to  perform  its  period  round  the  sun, 
is  made  the  basis  to  which  the  others  are  compared ; 
and  this  is  one  of  the  reasons  why  the  months,  and 
days  of  our  months,  are  engraved  on  the  circle. 
Having  observed  this,  the  planets  may  be  put  in  mo- 
tion, and  they  will  be  found  to  revolve  round  the  re- 
presentativ;e  of  the  sun  in  their  proportionable  times, 
each  planet  aWays  completing  its  revolutioix  in  the 
same  space^of  time^  in  periods  regulated  and  pro« 
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portioned  to  their  distance  from  the  sun  :  the  curve 
which  they  describe  in  their  revolution  is  what  is 
termed  their  orbit. 


GENERAL   EXPLANATION    OF    THE    SOLAR    SYSTEM    BY 

THE    PLANETARIUM. 

In  the  course  of  the  system  is  the  sun,  placed  in 
the  heavens  by  that  Almighty  Power  who  said, 
*^  Let  there  be  light,  and  there  was  light,"  to  be  the 
fountain  of  light  and  heat  to  all  the  planets  revolv- 
ing round  him. 


€€ 


His  rapid  rays, 


"  Themselves  unmeasured,  mfasure  all  our  days: 
•    *'  A  thousand  worlds  copfess  his  quick'ning  .beat» 
"  And  all  he  cheers  are  fruitful,  fair,  and  sweet." 

The  situation  of  thii^  glorious  body,  in  •the  system, 
f  s  pointed  out  in  this  machine  by  the  brass  ball  in 
the  centre.     , 

Mercury  n  the  nearest  planet  to  the  sun,  and  moves 
round  him  in  about  88  days.  To  observe  this  by 
the  planetarium,  observe  the  parts  of  the  ecliptic 
where  Mercury  and  Venus  are  situated,  or  set  them 
to  any  two  given  places  therein,  and  then  turn  the 
handle  ;  and  when  Mercury  is  returned  to  the  place 
from  whence  he  set  out,  the  earth  will  have  gone 
over  88  days  of  the  ecliptic.  In  the  same  manner  you 
will  find  the  periods  of  the  other  planets  correspond- 
ing to  their  respective  periods  in  the  heavens. 

As  Mercury  moves  round  him  in  rather  less  than 
t!hree  months,  that^  consequently^  is  the  length  of  his 
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yiear ;  the  year  in  each  planet  beuig  the  space  of 
time  which  it  occupies  in  going  round  the  surt. 
Mercury  is  seldom  seen,  on  account  of  his  being  so 
near  to  the  snn  as  to  be  generally  concealed  by  his 
rays  ;  and  the  time  of  his  rotation  on  his  axis,  or  the 
length  of  his  days  and  nights,  has  not  yet  been  dis- 
covered.' 

Venus^  the  next  planet  to  Mercury,  distinguished 
m  the  heavens  by  her  superior  histre  and  brightness, 
completes  her  annual  or  yearly  revolution  round  the 
sun  in  about  225  days ;  and  her  diurnal  or  daily  ro- 
tation upon  her'own  axis,  in  about  231  hours.  When 
this  planet  appears  to  the  west  of  the  sun,  she  rises 
before  him  in  the  morning,  and  is  called  the  mom- 
ing  star ;  and  when  she  appears  to  the  east  of  the 
sun,  she  shines  in  the  evening  after  he  sets,  and  is 
then  called  the  evening  star ;  being  in  each  situation, 
alternately,  for  about  7t  months. 

The  next  planet  above  Venus  is  the  Earth,  w  hose 
annual  revolution  is  performed  in  36o  days,  5  hours, 
and  49  minutes,  or  rather  more  than  1 2  months  (the 
brazen  ecliptic  is,  however,  only  divided  into  365 
days),  and  its  diurnal  rotation  in  about  24  hours. 
Every  fourth  year,  one  day  is  added  at  the  end  of 
February,  to  recover  the  time  which  the  earth  spends 
in  her  annual  course  above  the  365  days,  which  com- 
pose a  common  year.  This  fourth  year,  therefore, 
consists  of  366  days,  and  is  called  bissextile,  and 
also  leap-year. 

Next  above  the  earth's  orbit  is  that  of  Mars,  who 
completes  his  revolution  round  the  sun  in  somewha;t 
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less  than  two  of  our  years,  and  his  rotation  upon  his 
axis  is  rather  more  than  24^-  hours. 

Jupiter^  the  largest  cf  all  the  planets,  holds  the 
next  place  to  Mars  in  distance  from  the  sun.  He 
performs  his  annual  revolution  in  rather  less  than  13 
years,  and  his  diurnal  rotation  in  about  ten  hours. 
Jupiter,  as  well  as  Venus,  is  sometimes  called  a  morn- 
ing, and  sometimes  an  evening  star. 
*  Next  to  the  orbit  of  Jupiter  is  that  of  Saturn^  who 
completes  his  annual  revolution  round  the  sun  in 
about  29*^  years.  The  time  of  bis  diurnal  rotation 
is  unknown. 

Saturn  was  generally  considered  as  the  remotest 
planet  of  our  system,  till,  on  the  13th  of  March,  1781, 
Dr.JIerschel  discovered  another,  still  further,  distant 
from  the  sun,  rdund  which  it  revolves  in  an  orbit 
nearly  circular,  in  about  82  years.  To  tliis  planet 
Dr.  Uerschel  has  given  the  name  of  the  Georgiunt 
Sidus, 

Besides  these  seven  primary  planets,  there  are 
fourteen  others,  called  secondary  planets,  or  satel- 
lites, which  move  round  their  primaries  in  the  same 
manner  a$  those  mov^  round  the  sun. 

The  first  of  these  is  the  moon,  represented  by  the 
snmll  ball  annexed  to  the  earth.  While  it  accompa- 
nies the  earth  in  its  annual  progress  through  its  or- 
bit, it  is  continually  revolving  round  it;  as  you  will 
see  in.  that  part  of  the  instrument  that  is  particularly 
designed  to  illustrate  the  phenomena  of  the  moon. 

Jupiter  has  four  satellites,  Saturn  seven,  and  the 
(Jwrgium  Sidws  six :  they  are  all  invisible  to  the 
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naked  eye,  and  are  only  to  be  seeii  by  the  assistance 
of  telescopes.  Saturn,  besides  his  seven  satellites, 
has  a  bright  shining  ring,  which  encompasses  him : 
it  is  at  such  a  distance  from  his  body,  that  the  fixed 
stars  may  frequently  be  seen  between  the  inner  edge 
of  the  ring  and  the  planet  itself.  Dr.  Herschel  has 
lately  discovered  that  this  ring  is  divided  into  two 
parts,  an  inner  and  an  outer  ring,  which  are  sepa- 
rated from  each  other  by  a  space  of  one  thousand 
miles. 


To  explain^  hy  the  planetarium^  why  the  sun,  being 
ajixed  hody^  appears  to  pass  through  all  the  signs 
of  the  zodiac  in  twelve  montlis^  or  one  year.  It 
will  shew  that  this  phenomenon  is  occasioned  by 
the  annual  motion  of  the  earth. 

As  the  general  phenomena  of  the  planetary  sys- 
tem will  be  best  understood  by  an  induction  of 
particulars,  I  should  advise  the  tutor  to  remove  all 
the  planets  but  those  whose  motion  he  is  going  to 
explain  ;  for  instance,  let  him  now  leave  only  the 
earth  and  sun ;  place  the  earth  over  Libra,  and  it  is 
plain  that  tlie  sun  will  then  be  transferred,  by  the 
eye  of  the  spectator  to  Aries,  in  which  sign  it  will 
appear  at  the  latter  end  of  March :  move  the  earth 
on  its  orbit  to  Capricomus,  and  the  sun  will  ap- 
pear at  Cancer  in  June,  seeming  to  have  moved  from 
T  to  2S,  though  it  has  not  stirred,  the  real  motion 
^f  the  earth  having  caused  the  spectator  to  transfer 
tlie  sun  to  ell  the  intermediate  points  in  the  hcavcRS, 
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and  thus  given  it  appamnt  motion.  Continue  to 
move  the  earth  till  it  arrives  at  Aries,  and  the  sua 
will  be  seen  in  Libra,  in  the  month  of  September: 
moving  the  earth  on  to  Cancer,  the  visual  ray  of  the 
spectator  refers  the  sun  to  Capricorn,  as  it  appears  in 
the  month  of  December,  Lastly,  continue  moving 
the  earth,  and  it  will  arrive  at  Aries,  urhere  we  set  olit. 
TTms  we  have  shewn  that  it  is  the  motion  of  th^ 
earth  which  causes  the  sun  to  appear  in  all  the  difFe^ 
rent  signs  of  the  zodiac.  Custom,  indeed,  has  taught 
us  to  say  the  sun  is  in  Aries,  when  it  is  between  us 
and  Aries,  and  so  of  any  other  sign ;  whereas  it 
weuld  have  been  more  proper  to  say,  that  the  earth 
is  in  Libra. 


To  shew  why^  at  different  times  of  the  yeavy  we  see 
the  heavens  decorated  with  an  entire  different 

collection  of  stars. 

* 

This  phenomenon  is  occasioned  by  the  earth's 
progressive  or  annual  motion  \  while  the  earth  is  tra- 
versing his  course  under  the  vast  concave  of  fixed 
stars,  we  are  gradually  carried  under  the  different 
consteliati<m3.  From  hence  it  is  evident,  that  at 
night,  when  the  earth  is  turned  from  the  sun,  we 
shall,  in  snccession,  have  the  opportunity  of  view- 
\x¥^y  from  time  to  time^  all  the  stars  ih  the  zodiac^ 
and  consequently  a  di&rent  constellation  will  pre- 
sent itself  eveiy  month. 

Thm,  the  Pleiades  are  not  visible  in  the  summer; 
but  in  thr  jKttitcr  the  earth  is  (rot  between  the  sun 
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and  them.  These  stars  are  observable  at  night,  be- 
cause  they  are  not  intercepted  from  our  sight  by  the 
sun's  rays ;  and  in  this  manner  they  appear  during 
the  whole  winter,  only  they  seem  to  get  more  wes- 
terly every  night,  as  the  earth  moves  gradually  by 
them  to  the  east.  To  make  this  still  more  clear, 
place  the  earth  in  the  planetarium  between  the  sun 
and  any  of  the  signs,  that  side  towards  the  sun  will 
be  day,  and  that  towards  the  sign  night :  it  follows, 
that  at  night  we  are  turned  towards  the  stars,^  which 
in  that  sign  (suppose,  ks  before,  the  Pleiades  in  Tau- 
rus) will  then  be  conspicuous  to  us ;  but  as  the  spnng 
approaches,  the  earth  withdraws  itself  from  between 
the  sun  and  the  Pleiades,  till  at  length  the  earth,  by 
its  progressive  motion,  gets  the  sun  between  it  and 
the  stars,  which  then  lie  hid  behind  the  solar  rays; 
after  the  same  manner,  while  the  earth  performs  his 
annual  tract,  the  sun,  which  always  seems  to  move 
the  contrary  way,  darkens,  by  his  splendor,  the 
other  constellations  successively  ;  but  the  stars  op- 
posite to  those  hid  by  the  sun,  are  at  night  pre^ 
rented  to  our  vipw. 
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Let  the  tutor  nov/  place  the  Earth,  Mars,  and  Ve- 
nus, on  the  planetarium ;  and  as  each  planet  moves 
with 'a  different  degree  of  velocity,  they  are  continu- 
ally tihanging  their  relative  positions.  Thus,  on 
turning  ihe  handle  of  the  machine,  he  will  find,  first, 
that  the  Earth  moves  twice  as  fa^t  as  M^rs^  makiD^ 
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two  Involutions  while  he  makes  One ;  and  Venus,  on 
the  other  hand^  moves  much  faster  than  the  earth; 
Secondly,  that  in  each  revolution  of  the  earth  thesis 
planets  continually  change  their  relative  positions^ 
con-esponding  sometimes  with  the  same  point  of  thS 
(Bcllptic,  but  much  oftener  with  diflferent  points. 

T$  explain  the  covjunction,  opposition^  elongation, 
and  other  phenomena  of  inferior  planets. 

I  may  now  proceed  to  make  some  observations  on 
the  motions  of  Venus,  as  observed  in  the  planetari 
VLtti.  If  considered  as  viewed  from  the  6un,  we  shall 
find  that  Venus  would  appear  at  one  time  nearer  to 
the  earth  than  at  another ;  thait  sometime^  she  would 
appear  in  the  same  part  of  the  heavens^  and  it 
others  in  opposite  parts  thereof. 

As  the  planets,  when  seen  from  the  sun,  change 
their  position  With  respect  to  the  eatth,  so  do  thwf 
also,  wheti  seen  from  the  earth,  change  theii-  ^^i^ 
tioiis  with  respect  to  the  sun,  being  sometimes  hearer 
lo,  at  others  ferther  from,  and,  at  titoes,  in  conjuno^ 
tion  with  hinfi. 

But  the  conjttiictidns  Venus  oV  MttrCnry^  seen  . 
from  the  earth,  not  only  happen  when  thty  2i¥e  s*^ 
together  from  the  suti,  but  also  Vvhen  they  appeal*  td 
be  iri  oppbsition  to  thfe  ^olar  ipedtaitoi-.  l" o  illUi^trAtfe 
Ihid,  bfmg  the  Earth  and  Venus  to  tlil6  fii'st  point  <rf 
Capricorn ;  then  by  applying  a  stririg  from  the  £tan 
over  Venm  and  thfe  Earth,  yd<i  will  find  them  to  be 
in  cbnjuhction,  o*  on  the  tome  point  of  the  ecliptic. 

cc 
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Whereas,  if  you  turn  the  handle  till  the.sun  is  be- 
tween Venus  9ind  the  Earth,  ^  spectator  in  the  sun 
will  see  Venus  and  the  Earth  in  opposition ;  but  an 
inhabitant  of  the  earth  will  see:  Venus  not  in  opposi- 
tion to  the  sun,  but  in  conjunction  with  himi 
'  In  the  first  conjunction  V^nus  is  between  the  sun 
and  earth ;  this  is  called  the  inferior  conjunction. 

In '  the   second,  the  sun   is  situated    between  the 

'      •        * 
(earth  and  Venus ;  this  is  called  the  superior  con- 
junction. 

After  either  of  these  coi\] unctions,  Venus  will  be 
seen  to  recede  daily  from  the  sun,  but  never  depart- 
ing beyond  certaia  bounds,  never  appearing  opposite 
to  tbp  sun ;  and  when  she  is  seen  at  the  greater 
distance  from  him,  a  line  joining  her  centre  vfith 
the  centre  of  the  earth,  will  be  a  tangent  to  the  orbit 
of  Venus. 

.  To  illustrate  this,  take  off  the  sun  from  its  sup- 
port, and  the  ball  of  Venus  from  its  supporting  stem? 
place  the  wire,  plate  1 1,  Jig^  3,  so  that  the  part  P 
may  be  on  the  stem  that  supports  the  earth,  apd  a 
similar  socket,  J2g^.  3,  on  the  pin  which  supports  the 
ball  of  Venus ;  the  wire  F  is  to  lie  in  a  notch  at  the 
top  of  the  socket,  which  has  been  put  upon  the  sup- 
porting stem  of  Venus ;  then  will  the  wire  represent 
a  visual  ray  going  from  an  inhabitant  of  the  earth  ta 
Venus.  .  By  turning  the  handle,  you  will  uowr  find 
that  the  planet  never  departs  further  than  certain 
limits  from  the  sun,  which  are  called  its  greatest 
elongations,  when  the;  wirp  becomes  its  tangents  to 
the  otbit ;  after  which^  it  approaches  the  sun  tiB 
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it  arrives  at  either  the  inferior  or  superior  conjunc- 
tion. 

It  will  alsdr  be  evident  from  the  inslf  utnent/ that 
Venus,  from  her  stiperior  conjunction,  when  she  is 
furthest  from  the  earthy  to  the  time  of  her  inferior 
conjunction,  when  she  is  nearest,  sets  later  than  the 
tun,  is  seen  after  sun-set,  and  is,  as  it  were,  the 
forerunner  of  night  and  darkness.  But  from  the 
inferior  conjunction,  till  she  comes  to  the  superior 
one^  she  is  always  seen  westward  of  the  sun,  and 
must  consequently  set  before  him  in  the  evening,  and 
rise  before  him  in  the  morning,  foretelling  that  light 
and  day  are  at  hand. 

Bring  Venus  and  the  earth  to  the  beginning  of 
Aries,  when  they  will  be  in  conjunction ;  and  turn 
the  handle  for  nearly  225  days,  and  as  Venus  moves 
fester  than  the  earth,  she  will  be  come  to  Aries,  and 
have  finished  her  course,  but  will  not  have  over- 
taken the  earth,  who  has  moved  on  in  the  mean  time ; 
arid  Venus  must  go  on  for  some  time,  in  order  to 
overtake  her.  Therefore,  if  Venus  should  be  this  day 
in  conjunction  with  the  sun,  in  the  inferior  part  of 
her  orbit,  she  will  not  come  again  to  the  same  con- 
junction till  after  1  year,  7  months,  aad  12  days. 

It  is  also  plain,  by  inspection  of  the  planetarium, 
that  though  Venus  does  always  keep  nearly  at  the 
Mtme  distance  from  the  sun,  yet  she  is  continually 
changing  her  distance  from  the  earth ;  her  distance 
is  greatest  when  she  is  in  her  superior,  and  least 
whtn  she  is  in  her  inferior  conjunction, 

CO  2 
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To  exphin  the  phases^  the  retrograde,  direct,  und 
^tationaty  situations  of  the. planets. 

As  Venus  is  an  opake  globe,  and  only  shines  by 
the  light  she  receives  from  the'sun,  that  face  which 
is  turned  towards  the  snn  will  always  be  bright,  while 
the  opposite  one  will.be  in  darkness ;  consequently, 
if  the  situation  of  the  earth  be  such,  that  the  dark 
Side  of  Venus  be  turned  t<>wards  us,  she  will  then  he 
iiivisibk,  except  she.appears  like  a  spot  on  the  disc 
of  the  sun.     If  her  whole  illuminated  face  is  turned 
toward?  the  earth,  as  it  is  in  her  superior  conjunction, 
she  appears  of  a  cifcular  form  ;  and  according  to  the 
different  positions  of  the  earth  and  Venus,  sheiwB 
have  different  forms,  and  appear  With  differentphajcs, 
undergoing  the  same  changes  of  forrii  as  the  moon. 
These  different  plias^are  seen  very  plain  in  this  in- 
strument, as  the  side  of  the  planet,  which  is  opposto 
to  the  sun,  is  blackened ;  so  tliat  in  any  position, » 
line  drawn  from  the  earth  to  thepknct,  wiH  repre- 
sent that  part  of  her  disc  which  is  visible  to  us. 

The  irregularities  in  the  apparent  motions  of  fte 
planets,  is  a  subject  that  this  instrunlent  will  fuDj 
elucidate  ;  and  the  pupil  will  find  that  they  arebrf^ 
apparent,  taking  their  rise  from  the  situation  m 
motion  of  the  observer.  To  illustrate  this,  let  u^ 
suppose  the  ^bove-mentioned  wire,  when  connecte* 
with  Venus  and  th6  eartia,:t6  be  the  visual  rty  of^ 
observes  on  the  earthy  it  will  thea  point  out  how  the 
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motions  of  Venus  appear  in  the  heavens,  and  the 
path  she  appears  to  us  to  describe  among  the  fixed 
stars. 

Let  Venus  be  placed  near  her  superior  conjunction, 
and  the  instrument  in  motion,  the  wire  will  mark 
out  the  apparent  motion  of  Venus  in  the  ecliptici 
Thus  Venus  will  apj^ear  to  move  eastward  in  the 
ecliptic,  till  the  wire  becomes  a  tangent  to  the  orbit 
of  Venus,  in  which  situation  she  will  appear  to  us  to 
be  stationary,  or  not  to  advance  at  all  among  the 
fixed  stars ;  a  circumstance  which  is  exceeding;  visi- 
ble  and  clear  upon  the  planetarium. 

Continue  turning,  till  Venus  be  in  her  superior 
conjunction,  and  you  will  find  by  the  wire,  or  visual 
ray,  that  she  now  appears  to  move  backward  in  the 
ecliptic,  or  from  east  to  west,  till  she  is  arrived  to 
that  part  where  the  visual  ray  again  becomes  a  tan- 
gent to  her  orbit.  In  which  position,  Venus  will 
again  appear  stationary  for  some  time ;  after  which 
she  will  commence  anew  her  direct  motion- 

Hence,  when  Venus  is  in  the  superior  part  of  her 
orbit,  she  is  always  seen  to  move  direetly,  accord* 
ing  to  the  order  of  the  signd ;  but  when  she  is  in  the 
inferior  part,  she  appears  to  move  in  a  contrary  di- 
rection. 

What  has  been  said  eonceming  the  mcAions  of 
Venus,  is  applicable  to  those  of  Mercury ;  but  thf 
conjunctions  of  Mercuiy  with  the  sua,  as  well  as  tjhe 
times  of  his  being  direct,  statioiuupy,  or  ietrograde> 
ire  more  fre(|uent  than  thoie  of  VennSi 

cc3 


V 


4(58  PHENOMENA  OF  THE  PLANETS- 


Of  the  superior  Planets^  as  seen  from  the  Earth. 

'  If  the  tutor  wishes  to  extend  his  observations  on 
the  instmnient  to  Marg,  he  will  find,  by  the  visual 
ray,  that  Mars,  when  in  coryunction,  and  when  in 
opposition,  will  appear  in  the  same  point  of  the  eclip- 
tic, whether  it  is  seen  from  the  sun  or  the  earth ;  and 
in  this  situation  only  is  its  real  and  apparent  place 
the  same,  because  then  only  the  ray  proceeds  as  if  it 
came  from  the  centre  of  the  universe. 

He  will  observe,  that  the  direct  motion  of  the 
superior  planets  is  swifter  the  nearer  it  is  to  the  con- 
junction, and  slower  when  it  is  nea^rer  to  quadrature 
with  the  sun ;  but  that  the  retrograde  motion  of  a 
superior  planet  is  swifter  the  nearer  it  is  to  opposi^ 
tion,  and  slower  the  nearer  it  is  tq  quadn^ture ;  but 
?it  the  time  of  change  from  direct  to  retrograde^,  its 
motion  becomes  insensibly. 

To  prove,  by  tJve  planetarium^  the  truth  of  the  Co 
pernican,  and  absurdity  of  the  Ptolemaic  systm* 

♦  t 

*  /  > 

Of  all  the  prejudices  which  philosophy  contradicts, 
there  is  none  so  general  as  that  the  earth  keeps  it? 
place  unmoved.  This  opinion  seems  to  be  univer- 
sal, till  it  is  corrected  by  instruction,  or  by  philo- 
sophical speculation.  Those  who  have  any  tincture 
of  education,  are  not  now  in  danger  of  being h^M  by 
it ;  but  y^t  they  find  at  iiyst  a  reluctance  tp  believe 
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that  there  are  antipodes,  that  the  earth  is  spherical^ 
and  turns,  round  its  axis  every  day,  and  round  the  sun 
every  year.  They  can  recollect  the  time  when  reason 
struggled  with  prejudice  upon  these  points,  ind  pre- 
vailed at  length,  but  not  without  some  efforts.* 

The  planetarium  gives  ocular  demonstration  of  the 
motion  of  the  earth  about-  the  sun,  by  shewing  that 
it  is  thus  only  that  the  celestial  phenomena  can  be 
explained,  and  making  the  absurdity  of  the  Ptole-. 
maic  system  evident  to  the  senses  of  young  people. 
For  this  purpose,  take  off  the  brass  ball  which  repre- 
sents the  sun,  and  put  on  the  small  ivory  balli,  phi 2, 
which  accompanies  the  instrument^  in  its  place,  to 
represent  the  earth,  and  place  a  small  brass  ball  a  for 
the  sun,  on  that  arm  which  carries  the  earth. 

The  instrument  in>  this  state  will  giv^  an  idea  of 
the  Ptolemaic  system,  with  the  earth  immoveable  in 
the  centre,  and  the  heavenly  bodies  revolving  about 
in  the  following  order :  Mercury,  Venus,  the  Sun, 
Jtfars,  Jupiter,  and  Saturn.  Now,  in  thii^  disposition 
of  the  planets,  several  circumstances  are  to  be  obr 
served,  that  are  contrary  to  the  real  appearances  of  the 
celestial  motions,  and  which  therefore  prove  the 
fidsity  of  this  systenji. 

It  will  appear  from  the  instrument,  that  on  this 
liypothesis  Mercury  and  Venus  could  never  be  seen 
to  go  behind  the  sun,  from  the  earth,  because  th^ 
orbits  of  both  of  them  are  amtained  between  the  sun 
and  the  earth ;  but  these  planets  are  seen  to  go  as 

^  Reid*^  lisMLjt  oujhe  Intellectual  Pow(*rs  of  Man.  * 
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often  behind  the  snn  as  before  it ;  we  mayf  there^ 
fore,  from  hence  conclude  that  this  system  is  ern^ 

neons. 

It  is  also  apparent  in  the  planetarium^  that  on 
this  scheme  these  planets  might  be  seen  in  conjunc- 
tion with^  or  in  opposition  to,  the  sun,  or  at  any  dis- 
tance from  it.  But  this  is  contrary  to  experience, 
for  they  are  never  seen  in  opposition  to  the  sun, 
or  on  the  jneridi^n  of  London ;  for  instance,'  &t 
midnight,  nor  ever  recede  from  it  beyond  certain 
limits. 

Again,  on  the  Ptolemaic  system  all  the  planets 
would  be  at  an  equal  distance  from  the  earth,  in  all 
parts  of  their  orbits,  and  would  therefore  necessarily 
appear  always  of  the  same  magnitude,  and  moving 
with  equal  and  uniform  velocities  in  one  direction ; 
circumstances  which  are  known  to  be  repugnant  to 
observation  and  experience. 

Torectify  the  planetarium^  or  place  the  planets  in 
their  true  sit  uat  ions y  as  seen  from  the  sun. 

The  situations  of  the  planets  in  the  heavens  are 
accurately  calculated  by  astronomers,  and  published 
in  alm^n^ks  appropriated  to  the  purpose,  as  the 
Nautical  Almanack,  IVhite-^  Ephemeris,  &c.  An 
epfacm^ri^  if  a  diary  or  dsf ily  r^i§ter  9f  the  motions 
^nd  places  of  the  heavenly  holies,  shewing  the  situ- 
%i\on  of  each  planet  at  l  ij  o'^loc^c  each  day,  T^ese 
situations  it  exhibits,  both  as  seen  from  the  sun,  and 
from  the  earth  ;  hut  at  hx  tl\e  Tpsnier,  or  the  heli- 
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^entric^  is  th^  only  one  of  ai^y  use  for  this  purpose^ 
we  shall  here  insert^  and  explain^  so  much  of  thai 
part  of  I\|r.  Whit^\  ephemeris,  as  wi)l  enable  the 
Bupil  to  rectify  bis  planetarium. 


Day 

f^ngth 

Hrlioc. 

Hclioc. 

ITelioc. 

increas* 

of  Day. 

long. 

long. 

long. 

1 

h 

ii.- 

^rrrfie 

7     4 

14     48 

27  K  3i 

^m'\ 

7 

7  24 

15       8 

97     47 

2     4'2 

29    57 

13 

7  44 

!5     2S 

i7     51 

3       0 

2:1^39 

19 

8.  0 

15     44 

28     11 

3     37 

5     20 

26 

8  IC 

16       0 

28     2: 

4       b 

8       3 

Helioc. 
long. 

e 

iinii4 

17       2^ 

21     52 

28     36 

4|22 


^^elioc. 

long. 

9 

Helioc. 
long, 

5 

8^35 

18       7 
7     37 
iHf  7 

16     36 

1»18 

26  n  53 

3li^4 

0^  0 

In  the  foregoing  table,  for  May^  1 790,  you  have 
the  heliocentric  places  calculated  to  every  six  days 
of  the  month,  which  is  sufficiently  accurate  for 
g^ei^l  purposes.  Thus,  on  the  19th,  you  have 
Saturn  in  S?8^  11^  of  Pisces,  Jupiter  3**  37'  of 
Virgo,  Maw  in  S°  20'  of  Libra,  the  Earth  28^  36' 
of  Virgo,  Venus  7°  7'  of  Capricorh,  and  Mercury 
4**  i  6'  of  Virgo ;  to  which  places  on  the  ecliptic  of 
|he  planeisgriiim  the  several  planets  are  to  be  s^t, 
9a4  %\i^y  wi^X  then  exhibit  their  real  situations, 
bpth  with  respeot  to  the  sun  and  the  earth,  for  that 
day. 


To  use  the  Instrument  as  a  tellurian, plate  I2^jig.l^ 

Th^  tw\»  tho  earth,  and  the  moon,  are  bodies 
wbio))^  i^KHQA  oyi  90iiMctiaB  with  them,  are  so  in* 
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teresting  to  us,  that  it  is  necessary  to  enter  into  a 
minute  detail  of  their  respective  phenomena.  To 
render  this  instrument  a  tellurian,  all  the  planets 
are  first  to  be  taken  off,  the  ]>iece  of  wheel-work, 
ABC,  is  to  be  placed  on  in  their  stead,  in  such  a 
manner  that  the  wheel  c  n.ay  fall  into  the  teeth 
that  are  cut  upon  the  edge  of  the  ecliptic.  The 
milled  nut,  D,  is,  then  to  be  firmly  screwed  on,  to 
keep  the  wheel- work  firmly  in  its  place.  It  is  best 
to  place  this  wheel-work  in  such  a  manner,  that  the 
index  E  may  point  to  the  21  of  June,  and  then  to 
move  the  support  of  the  globe  so  that  the  north  pole 
mav  be  turned  towards  the  sun,  or  the  1  of  Cancer. 
The  instrument  will  then  shew,  in  an  accurate 
and  clear  manner,  all  'the  phenomena  arising  from 
the  annual  and  diurnal  motion  of  the  earth;  as  the 
globe  is  of  three  inchps  diameter,  all  the  continents, 
seas;^  kingdoms,  &c.  may  be  distinctly  seen;  the 
equator,  the  ecliptic,  tropics,  and  other  circles,  are 
very  visible  ;  so  that  the  problems  relative  to  pecu- 
liar places  may  be  satisfactorily  solved*  The  axis 
of  the  earth  is  inclined  to  the  ecliptic  in  an  angle  of 
,  66i  degrees,  and  preserves  its  parallelism  during  the 
whole  of  its  revolution.  About  the  globe  there  is  8 
circle,  HI,  to  represent  the  terminator,  or  boun- 
dary between  light  and  darkness,  dividing  theen- 
lightehed  from  the  dark  hemisphere.  At  NO  is 
an  hour-circle,  to  determine  the  time  of  sun-rising 
or  setting,  lengths  of  days  and  nights,  &c. 
,  TJie  brass  index  G  represents  a  centra]  solar  ray; 
it  serves  to  shew  when  it  is  noon^  or  when  the  sun 
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is  upon  the  meridian  at  any  given  J>lace ;  it  also 
shews  what  sign  and  degree  of  the  ecliptic  on  the 
globe  the  sun  describes. on  any  day,  and  the  parallel 
it  describes. 

,  The  plane  of  the  terminator,  HI,  passes  through 
the  centre  of  the  earth,  and  is  perpendicular  to  the 
central  solar  ray.  The  index  E  points  out  the  sun's 
place  in  the  ecliptic  circle  for  any  given  day  in  tlie 
year. 

I  > 

To  explain  the  changes  of  seasons  hy  the  tellurian. 

Before  I  shew  how  the  seasons  are  explained  by 
the  instrument,  it  is  necessary  to  assume  two  pro- 
positions :  1 .  That  a  globular  luminous  body, 
sending  out  parallel  rays  of  light,  will  only  en* 
lighten  one  half  of  another  globe,  and  that  of  course 
will  be  the  hemisphere  turned  towards  the  lumi- 
nous body.  2.  That  the  earth  moves  round  the 
sum  in  such  a  manner,  that  in  all  parts  of  its  orbit  \tt 
axis  is  parallel  to  itself,  and  has  a  certain  inclina* 
tion  to  the  plane  of  the  orbit.  These  being  under- 
stood, the  first  thing  to  be  done  is  to  rectify  the  teU 
]urian  ;  or,  in  other  wor^s,  to  put  the  globe  into  a 
position  similar  to  that  of  the  earth,  for  any  given 
day.  Thus,  to  rectify  the  tellurian  for  die  21st  of 
June,  turn  the  handle  till  the  annual  index  comes 
to  the  given  day ;  then  move  the  globe  by  the  arm 
KL,  so  that  the  north  pole  may  be  turned  towards 
the  sun  ;  and  ac^just  the  terminator,  so  that  it  may 
just  touch  the  edge  of  the  arctic  circle.    The  globe 
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is  th^ii  in  the  situation  of  the  earth  for  the  longest 
day  in  our  northern  hemisphere,  the  annual  index 
pointing  to  the  first  .point  of  Cancer,  and  the  21st 
of  June ;  bring  the  meridian  of  London  to  coincide 
with  the  central  solar  ray,  and^  move  the  hour- 
circle,  NO,  till  the  index  points  to  XII ;  we  then 
have  the  situation  of  London  with  respect  to  the 
longest  day. 

Now,  on  gently  turning  the  handle  of  the  ma- 
chine, the  point  representing  London  will,  by  the 
rotation  of  the  earth,  be  carried  away  towards  the 
cast,  while  the  sun  seems  to  move  westward ;  and 
when  London  has  arrived  at  the  eastern  part  of  the 
terminator,  the  index  will  point  on  the  hour  circle 
the  time  of  sun-setting  for  that  day ;  continue  to 
turn  on,  and  London  will  move  in  the  shaded  part 
of  the  earth,  on  the  other  side  of  the  terminator; 
wlien  the  index  is  again  at  XII,  it  is  midnight  at 
London :  by  moving  on,  London  will  emerge  from 
the  western  side  oT  the  terminator,  and  the  index 
will  point  out  the  time  of  sun^rising,  the  sun  at 
that  instant  appearing  to  rise  above  the  horizon  in 
the  east  to  an  inhabitant  of  London. 

It  will  be  evident  by  the  instrument,  while  in 
this  position,  that  the  central  solar  ray,  during  the 
whole  revolution  of  the  earth  on  its  axis,  only  points 
to  the  tropic  of  Cancer,  and  that  the  sun  is  vertical 
to  no  other  parts  of  the  earthy  but  those  which  are 
under  this  tropic. 

By  observing  how  the  terminator  cuts  the  several 
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parallels  of  the  globe,  we  shall  find  that  all  those  be« 
tween  the  northern  and  southern  polar  circles,  ex- 
cept the  equator,  are  divided  unequally  into  diurnal 
fend  nocturnal  arches,  the  former  being  greatest  on 
the  Aorth  side  of  the  equator,  and  the  latter  oh  the 
^outh  side  of  it. 

In  this   position,    the  northern   polar  circle  is 
wholly  on  that  side  the  terminator  which  is  nearest 
the  sun,  and  therefore  altogether  in  the  enlightened 
hemisphere,   and   the  inhabitants  thereof  enjoy  a 
continual  day.     In  the  same  manner,  the  inhabi- 
tants  of  the  southern  polar  circle  continue  in  the 
dark  at  this  time,  notwithstanding  the  diurnal  re- 
volution of  the  earth ;  it  is  the  annual  motion  only 
which  can  relieve  them  from  this  situation  of  per- 
petual darkness,  and  bring  to  them  the  blessings  of 
day,   and   the    enjoyments  of  sumnter ;  while   in 
this  state,   the  inhabitants    of  north   latitude   are 
itearest  to  the  central  solar  ray;  and  consequently 
to  the  sufi's  perpendi<*ular  beams,  and  of  course  i 
greater  number  of  his  rays  will-  fall  upon  any  given 
place,  thin  at  any  other  time ;  the  sun's '  rays  do 
now  ako  pass  through  a  lefes  quantity  of  the  atmos- 
phere, which,  together  with  the  length  of  the  day 
and  the  inertness  of  the  night,  are  the  V^asons  of 
the  increase  of  beat  in  summer,  together  with  all  its 
dther  delightful  effects. 

While  the  earth  continues  to  turn  round  on  its 
own  axis  once  d  day,  it  is  continually  advancing 
ffom  west  to  east,  according  to  the  order  of  the 
iftghs,  as  is  seen  by    the   progress  of  the  annual 
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index  E,  which  points  successively  to » all  the  signs 
and  degrees  of  the  ecliptic:  the  sun  in  the  mean 
time  seems  to  describe  the  ecliptic  also,  going  from 
west  to  east,  at  the  distance  of  six  signs  from  the 
i^arth  ^  that  is,  when  the  earth  really  sets  out  from 
the  first  point  of  Capricorn,  the  sun  seems  to  set 
out  from  the  first  point  of  Cancer,  as  is  plain  from 
the  index  : 

But  as,  during  the  annual  revolution  of  the  earth, 
the  axis  always  remains  parallel  to  itself,  the  situa- 
tion of  this  axis,  with  respect  to  the  sun,  must  be 
continually  changing. 

As  the  earth  moves  on  in  the  ecliptic,  the  northern 
polar  circle  gets  gradually  under  the  termini^tor,  so 
'  that  when  the  earth  has  arrived  at  the  first,  point  of 
Aries,  and  the  annual  inde^  is  at  the .  first .  point  of 
Libra  on  the  22d  of  September,  this  circle  is  divided 
into  two  equal  parts  by  the  terminator,  as  .i«  also 
every  other  parallel  circle^  and  consequently  the 
diurnal  and  nocturnal  arches  are  equal :  thi$>is  called 
the  time  of  equinox,  the  days  and  nigbts*  are  then 
equal  all  over  the  earth,  being  each  of  them  IS  houri 
long,  as  will  be  seen  by  the  horary  index  L*  Th^ 
central  solar  ray  G,  having  successively  pointed  to 
all  the  parallels  tliat  may  be  supposed  to  be  be- 
tween tibe  equator  and  the  tropic  of  Cancer,  is  at 
this  period  perpendicular  to  the  inhabitants  that 
live  at  the  equator. 

By  continuing  to  turn  the  handle,  the  earth  ad- 
vances in  the  ecliptic,  and  the  terminator  shews  how 
the  days  are  continually  decreasing,  and  the  dium« 
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arches  shortening,  till  by  degrees  the  whole  space 
contained  by  the  northern  polar  circle  is  on  that 
side  of  the  terminator  which  is  opposite,  to  the  fiun, 
which  happens  when  the  eaith  is  got  to  thq  first  point 
of  Cancer^  apd  the  annual  index,  is  at  the  first  point 
of  Capricorn,  on  the  21st  of  Deo^anber.  In  this 
^tate  of  the  globe,  the  northern  p6lai:  circle,  dndiaH 
the  country  within  that  space,  have  no  day  at  all ; 
ivhilst  the  inhabitants  that  live  within  the  aouthem 
polar  circle,  being  on  that  side  the  terminator  which 
is  next  the  sun,  enjoy  perpetual  day.  By  this, 
and  the  former  situation  of  the  earth,  the  pupil  will 
observe  that  there  are  nations  to  whom  a  great  por- 
tion of  the  year  is  darkness,  who  are  condemned  to 
pass  weeks  and  months  without  the  benign  influence 

* 

of  the  solar  rays.  The  central  solar  ray  is  niow  per- 
pendicular to  the  tropic  of  -  Capricorn  ;  the  length 
of  the  days  is  now  inverseljr  what  it  was -when  the 
sun  entered  Cancer,  the  days  bein^  how  at  their 
shortest  and  nights  longest  in  the  northern  hemi. 
sphere ;  the  length  of  each  is  pointed  out  by  the 
horaiy  index. 

The  earth  being  agaiin  carried  on  till  it  enters 
Ltibra,  and  the  sun  Aries,  we  shall  agarin  have  all 
the  phenomena  of  the  equinoctial  seasons.     Ttie 

*      • 

terminator  will  divide  a;ir  the  parallels  into  twd 
equal  parts ;  the  poles  will  again  be  in  the  plane  of 
the  terminator,  and  consequently,  as  the  globe  re- 
volves,  every  place  from  pole  to  pole  will  describe 
an   equal  arch  in  the  enlightened  and  obscure  he- 
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mispheres,  entering  into  and  going  out  of  each  ex- 
actly at  dix  o'clock,  as  shewn  by  the  hdur-index. 

As  the  earth  advances*  more  of  the  northern 
polsLT  circte  conies  into  the  illuminated  hemisphel-fe, 
and  copsequently  the  days  increase  with  us,  while 
those  on  the  othel*  side  of  the  Equator  decrease, 
fill  the  earth  arrives  at  the  first  point  of  Capricorn, 
the  place  from  which  we  first  began  to  make  out 
observaticms. 


To  explain  the  phenomena  that  take  place  in  a  pa^ 
rallel,  direct,  and  right  sphere. 

Take  off  the  globe  and  its  terminator,  and  put 
on  in  its  place  the  globe  which  accompanies  the 
instrument,  and  which  is  furnished  ivith  a  meridian^ 
horizon,  and  quadrant  of  altitude ;  the  edge  of  the 
horizon  i»  graduated  from  east  and  west  to  the 
north  and  south  points,  and  within  these  divisions 
are  the  points  of  the  compass  to  the  under  side  of 
this  horizon ;  but  at  1 8  degrees  from  it  another 
circle  is  afiixed,  to  rejn^ent  the  twilight  cirde; 
the  meridian  is  graduated  like  the  meridian  of  a 
globe ;  the  quadrant  of  altitude  is  divided  into 
d^ees^  beginning  at  the  z€lnith>  and  finishing  at 
the  horizon.* 


*  We  now  more  properly  apply  the  moyeable  horizon,  &c.  to 
all  the  3 -inch  globes  of  these  sort  of  orreries,  do  thai  the  trouble 
of  changing  the  globe  is  done  away.     Edit* 


PHENOMENA   OF  THE   PLANETS.  417 

This  globe,  if  the  horizon  be  diiFerently  set  with 
irespect  to  the  solar  ray,  will  exhibit  the  various  pbe*. 
nomena  arising  from  the  situation  of  the  horizon 
with  respect  to  the  sun,  either  in  a  right,  a  pt^rallel, 
or  an  oblique  sphere ;  or,  having  set  the  horizon 
to  any  place,  you  will  see  by  the  central  solar 
ray  how  long  the'  sun  is  above  or  belpw  the  ho- 
rizon of  that  place,  and  at  what  point  of  the  com- 
pass he  rises,  his  meridian  altitude,  and  many  other 
curious  particulars,  of  which  we  shall  give  a  few 
examples. 

Set  the  horizon  to  coincide  with  the  equator, 
and  place  the  earth  in  the  first  point  of  Libra ;  then 
will  the  globe  be  in  the  position  of  a  parallel  sphere, 
and  of  the  inhabitants  of  the  poles  at  that  season 
of  the  year,  which  inhabitants  are  represented  by  the 
pin  at  the  upper,  or  90^,  part  of  the  quadrant  of  alti- 
tude :  the  handle  being  turned  round  gently,  the 
earth  will  revolve  upon  its  axis,  and  the  solar  ray  will 
coincide  with  the  horizon,  without  deviating  in  the 
least  to  the  north  or  south ;  shewing,  that  on  the  2 1  st. 
of  March  the  sun  does  not  appear  to  rise  or  set  to  the 
terrestrial  poles,  but  passes  round  through  all  the. 
points  of  the  compass,  the  plane  of  the  horizon  bi- 
secting the  sun's  disc. 

Now  place  the  horizon  so  that  it  may  coincide. 
Tvith  the  poles,  and  the  pin,  or  90°,  representing  an 
inhabitant,  be,  over  the  equator;  the  globe  in  thi* 
position  is  said  to  be  in  that  of  a  right  sphere ;  the 
equator  and  all  the  parallels  of  latitude  are  at 
xight  angles,  or  perpendicular  to  the  horizon ;  by 
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turning  the  handle  till  the  earth  has  completed  2 
year,  or  one  revolution  about  the  sun,  we  shall 
perceive  all  the  solar  phenomena  as  they  happen 
to  an  inhabitant  of  the  equator ;  which  are,  1.  That 
the  sun  rises  at  six  and  sets  at  six  throughout  the 
year,  so  that  the  days  and  nights  there  are  pe^p^ 
tualiy  equal.  2,  That  on  the  21st  of  March  and 
22d  of  Septenjber,  the  sun  is  -  in  the  zenith,  or 
exactly  over  the  heads  of  the  inhabitants.  3.  That 
oae  half  of  the  year,  between  March  and  Septem- 
ber,  the  sun  is  every  day  full  north  ;  and  the  other 
half,  between  September  and  March,  is  foil  south 
of  the  equator,  his  meridian  altitude  being  never  ksi 
than  66^  degrees. 

If  the  pin,  or  90°,  representing  an  inhabitant  be 
now  removed  out  of  the  equator,  ajid  set  upon  any 
place  between  it  and  the  poles,  the  horizon  will  not 
then  pass  tlirough  either  of  the  poles,  nor  coincide 
with  the  equator,  but  cut  it  obliquely,  one  half  being 
above,  the  other  half  below  the  horizon ;.  the  globe 
in  this  state  is  said  to  be  in  that  of  an  oblique 
sphere,  of  which  there  are  as  many  varieties,  tf 
there  are  places  between  the  equator  and  either 
pole.  But  one  example  will  be  sufficient ;  for 
whatever  appearance  happens  to  one  place,  the 
same,  as  to  ki^d,  happens  to  every  other  place,  dw- 
fering  only  in  degree,  as  the  latitudes  differ.  Bni^ 
the  pin,  therefore,  over  London^  then  will  the  ho- 
rizon represent  the  horizon  of  London,  and  in  one 
revolution  of  the  earth  round  the  sun,  we  shall  have 
all  the  solar  appearances  through  the  four  season! 
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ckarly  exhibited^  as  they  really  are  in  nature ;  that 
is^  the  earth  standing  at  the  first  d^ree  of  Xibra^ 
and  the  sun  then  entering  into  Aries,  the  meridian 
turned  into  the  solar  ray,  and  the  hour  index  set  to 
XII,  you  will  then  have  the  globe  standing  in  the 
same  position  towards  th^  sun,  as  our  earth  does  at 
noon  on  the  Slst  of  March.  If  the  handle  be  turned 
rounds  wh^A  the  solar  ray  comes  to  the  western 
edge  of  the  horizon,  the  hour  index  will  point  to 
VI,  which  shews  the  time  of  sun-setting ;  London 
then  passes  into,  and  eontinues  in  darkness,  till 
the  hour  index  having  passed  over  XII  hours,  comes 
again  to  VI,  at  which  time  the  solar  ray  jgains  the 
eastern  edge  of  the  horizon,  thereby  defining  the 
time  of  sun-rising ;  six  hours  afterwards  the  meri- 
dian' again  comes  to  the  solar  ray,  and  the  hour  in- 
dex points  to  XII,  thereby  evidently  demonstrating 
the  equality  of  the  day  and  night,  when  the  sun  is  in 
the  equinoctial.  You  may  then  also  observe,  that 
the  sun  rises  due  east,  and  sets  due  west. 

Continuing  to  move  the  handle,  you  will  find, 
that  the  solar  ray  declines  from  the  equator  towards 
the  north,  and  every  day  at  noon  rises  higher  upon, 
the  graduations  of  the  meridian  than  it  did  before^ 
continually  approaching  to  London,  the  days  at  the 
same  time  growing  longer  and  longer,  and  the  suqi 
rising  and  setting  more  and  more  towards  the  north^ 
till  the  21st  of  June,  when  the  earth  gets  in  the 
fir^t  degree  of  Capricorn,  and  the  sun  appears  in 
th^  tropic  of  Cancer,  rising  about  40  mih.  past 
III  iu  the  morning,  and  setting  about  20  min.  past 
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VIII  in  the  evening ;  and  after  continuing  about 
seven  hours  'in  the  nether  hemisphere,  appears 
rising  in  the  north  east,  as  before.  Rrom  the  2 1st 
of  June  to  the  22d  of  September,  the  sun  re- 
cedes to  the  south,  and  the  days  gradually  decrease 
to  the  autumnal  equinox,  when  they  again  become 
equal.  ' 

\i  During  the  three  succeeding  months,  the  sun 
continuefs  to  decline  towards  the  south  pole,  till  the 
21st  of  December,  when  the  sun  enters  the  tropic 
of  Cajpricorn,  rising  to  the  south-east  point  of  the 
compass  about  20  min  past  VIII  in  the  morning, 
and  setting  about  40  min.  past,  III  in  the  evening, 
at .  the  south-west  point  upon  the  horizon  :  afW 
which,  the  sun  continues  in  the  dark  hemisphere 
for  17  hours,  and  then  appears  again  in  the  south- 
cast  as  betore.  From  this  chill  solstice  the  sua 
retulTis  towards  the  north,  and  the  days  conti- 
nually increase  in  length  till  the  vernal  equinox, 
when  all  things  are  restored  to  the  same  order  as  at 
the  beginning. 

Thus  all  the  varieties  of  the  seasons,  the  time 
of  sun-rising  and  setting,  and  at  what  point  of  the 
compass,  as  also  the  meridian  altitude  and  decli- 
nation every  day  of  the  year,  and  duration  of  twi- 
light, and  to  what  place  the  sun  is  at  any  time 
vertical,  are  fully  exemplified  by  this  globe  and  its 
apparatus. 

Before  we  quit  the  phenomena  particularly  arising 
from  the  motion  and  position  of  the  earth,  let  the 
globe,  with  the  meridian  and  horizon,  be  removed^ 
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and  the  ivory  ball  which  fits  upon  a  pin  be  placed 
thereon,  to  represent  the  earth. 

As  the  axis  of  this  globe  stands  perpendicnldr  to 
the  plane  of  the  ecliptic,  you  will  find  that  the  solar 
ray  continually  points  to  the  equator  of  this  little 
ball,  and  will  wever  deviate  to  the  north  or  south  ; 
though,  by  turning  the  handle,  the  ball  is  made  to 
complete  a  revohition  round  the  sun.  This  shews, 
that  the  earth  in  this  position  would  have  the  days 
and  nights  equal  in  c^very  part  of  the  globe,  all  the 
year  long ;  there  would  have  been  no  difference  in 
the  climates  of  the  earth  ;  no  distinctions  of  seasons  ; 
an  eternal  summer,  or  never  ceasing  winter,  would 
have  been  our  portion ;  an  unvaried  sameness,  that 
would  have  limited  inquiry,  and  satiated  curiosity ; 
and  that  the  variety  of  the  seasons  is  owing  to  its 
axis  being  inclined  to  the  plane  of  its  orbit. 

An  explanation  of  the  causes  of  the  vicissitudes  of 
the  seasons,  i»o  naturally  introduces  the  following  re- 
flection^  of  Mr.  Cawper,  in  his  Winter  s  Walk,  that 
I  hope  they  ivill  iiot  be  deemed  iinpertjnent^  either 
by  the  tutor  or  his  pupiU 

W  hat  prodigies  can  power  divine  perform 
More  gpipd  than  it  produces  year  by  year, 
Apd  all  in  sight  of  inattentive  man  ? 
Familiar  with  tV  effect  we  slight  the  cause. 
And,  in  the  constancy  of  nature's  course. 
The  reguUr  return  of  genial  months, 
And  renovation  of  a  faded  world. 
See  nought  to  wonder  at.    Should  God  again. 
As  once  in  Gibeon,  interrupt  the  race 
Of  the  undeviatipg  and  punctual  sun, 
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How  would  the  world  admire !  but  speaks  it  less 

An  agency  divine,  to  make  him  know 

His  moment  when  to  sink,  and  when  to  rise. 

Age  after  age,  than  to  arrest  his  course  ? 

All  we  behold  is  miracle ;  but  seen ' 

So  duly,  all  is  miracle  in  vain. 

Where  now  the  vital  energy  that  mov'd. 

While  summer  was,  the  pure  and  subtle  lymph 

Through  th'  imperceptible  meandering  veins 

Of  leaf  and  flower?  It  sleeps,  and  ili*  icy  touch 

Of  unprolific  winter  has  impress*d 

A  chid  stagnation  on  th'  intestine  tide ; 

But  let  the  months  go  round,  a  few  short  tnpnths, 

And  all  shall  be  restorM.    These  naked  shoots, 

Barren  as  lances,  among  which  the  wind 

Makes  winti*y  music,  sighing  as  it  goes. 

Shall  put  their  graceful  foliage  on  again; 

And  more  aspiring,  and  with  ampler  spread. 

Shall  boast  new  charms  and  more  than  they  have  lotti 


And  all  this  uniform,  uncolourM  scene 

Shall  be  dismantled  of  its  fleecy  load. 

And  flush  into  variety  again. 

From  dearth  to  plenty,  z)id  from  death  t6  IWe^ 

Is  nature's  progress  wheA  she  lectures  mata 

In  heavenly  truth ;  evincing,  as  she  makes 

The  grand  transition,  that  there  lives  apd  works 

A  soul  in  all  things,  and  that  sodl  is  (rod. 

The  beauties  of  the  wilderness  are  his. 

That  makes  so  gay  the  solitary  place. 

Where  no  eye  seefe  ihem.    And  the  fairer  forms. 

That  cultivation  gloHes  in,  are  his. 

He  sets  the  bright  procession  on  its  way. 

And  marshals  all  the  order  of  the  year, 

•  •  ♦  ♦  «  ^        ♦ 

He  feeds  the  secret  fire 
By  which  the  mighty  process  is  maintained  < 
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Who  sleeps  not,  is  not  weary ;  in  whose  sight 
Slow  circling  ages  are  as  transient  days ; 
Whose  work  is  without  laboifr ;  whose  designs 
No  flaw  deformlg  no  difficulty  thwarts; 
Ani  whose  beneficence  no  (phange  exhausts. 
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Having  thus  illustrated  the  phenomena,  which 
arise  particularly  from  the  inclination  of  the  earth^s 
axis  to  the  plane  of  the  ecliptic^  from  its  rotation 
round  its  axis^  and  revolution  round  the  sun ;  I  now 
proceed  to  ^xplain^  by  this  instrument^  the  pheno- 
mena of  the  moon.  But  in  order  to  this,  it  will  be 
necessary  to  speak  first  of  the  instrument^  which  is 
put  in  motion^  like  the  preening  one,  by  the  teeth 
of  the  tixed  wheel ;  it  is  also  to  be  placed  upon  the 
same  socket  as  the  tellurian,  and  confined  down  by 
the  same  milled  nut. 

The  sloping  ring  DQ  represents  the  plane  of  the 
moon's  orbit,  or  path,  round  the  earth ;  so  that  the 
moon,  in  her  revolution  round  the  earthy  does  not 
move  parallel  to  the  plane  of  the  ecliptic,  but  on 
this  inclined  plane ;  the  two  points  of  this  plane, 
diat  are  connected  by  the  brass  wire,  are  the  nodes, 
one  dT  which  is  marked  Sl>  for  the  ascending  node, 
the  other  75  >  '^i*  the  descending  node.  The  moon 
is,  tlierefore,  sometimes  on  the  north,  and  some* 
times  on  the  south  dide  of  the  ecliptic,  which  devi* 
ations  from  the  ecliptic  are  called  her  north  or  sontb 
lattitude ;  her  greatest  deviation,  which  is  when  she 
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is  at  her  highest  and  lottrest  points,  calkd  her  lisiit?. 
IS  a  deg,  18  min* ;  this,  nith  all  the  other  interBie- 
diate  degrees  of  latitude,  are  engraved  od  diis  riogy 
beginning  at  the  nodes,  and  numbered  bodi  wap 
from  them.  At  each  side  of  the  nodes,  and  at  about 
1 8  iii^.  distant  from  them,  we  find  this  mark  Q, 
and  at  aboot  12  deg.  this  }>,  to  indicate  that  wfaen 
the  full  moon  has  got  as  far  from  the  nodes  as  the 
mark  ) ,  there  can  be  no  eclipse  of  the  mooo^  nor 
any  eclipse  of  the  son ;  when  the  new  moon  has 
passed  the  mark  O^  these  points  are  generally  term- 
ed the  limits  of  eclipses.  Ilie  nodes  of  the  mooD 
do  not  remain  fixed  at  the  same  point  of  the  eclip- 
tic, but  have  a  motion  contrary  to  the  order  of  the 
signs. 

TX  is  a  small  circle  parallel  to  the  ecliptic;  itw 
divided  into  12  signs,  and  each  sign  into  30 (kg.; 
this  circle  is  moveable  in  its  socket,  and  is  to  beset 
by  hand,  so  that  the  same  sign  may  be  opposite  to 
the  sun^  that  is  marked  out  by  the  annual  index. 
These  signs  always  keep  parallel  to  themselves,  as 
they  go  round  the  sun ;  but  the  inclined  plane  with 
its  nodes  go  backwards,  so  that  each  node  recedes 
through  all  the  above  signs  in  about  1 9  years,  RS 
is  a  circle,  on  which  are  divided  the  days  of  the 
moon's  age ;  XY  is  an  ellipsis,  to  represent  the 
moon's  elliptical  orbit,  the  direct  motion  of  the 
apogee,  or  the  line  of  the  apsides,  with  the  situation 
of  the  elliptical  orbit  of  the  moon,  and  place  of  tfee 
Hpogee  in  th«  ecliptic  at  all  time?. 
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To  rectify  the  Limarium. 

Set  the  annual  mdex  on  the  large  ecliptic,  to  the 
first  of  Capricorn;  then  turn  the  plate,  with  the 
moon's  signs  upon  it,  until  the  beginning  of  Capri- 
corn points  directly  at  the  sun ;  turn  the  handle  till 
Ae  annual  index  comes  to  the  first  of  January  ;  then 
fin<l  'the  place  of  the  north  node  in  *an  ephemeris, 
to  which  place  among  the  moon's  signs,  set  the  north 
node  of  her  inclined  orbit,  by  turning  it  till  it  is  in 
its  poper  place  in  the  circle  of  signs ;  set  the  jnoon 
to  the  day  of  her  age. 


* .  • 


GENERAL   PHENOMENA   OF  THE   MOON. 

Having  rectified  the  lunarium  for  use,  on  putting 
it  into  motion  it  will  be  evident, 

1 .  That  the  moon,  by  the  mechanism  of  the  in- 
strument, always  moves  in  an  orbit  inclined  to  that 
of  the  ecliptic,  and  consequently  in  an  orbit  ana- 
logous to  that  in  which  the  moon  moves  in  the 
heavens. 

2.  Tliat  she  moves  from  west  to  east. 

3.  That  the  white  or  illuminated  face  of  the  moon 
is  always  turned  towards  the  sun. 

4.  That  the  nodes  have  a  revolution  contrary  to 
the  order  of  the  signs,  that  is,  from  Aries  to  Pisces ; 
that  this  revolution  is  performed  in  about  12  years, 
as  \xx  nature. 


'  \ 
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5.  That  the  moon*s  rotation  upon  her  axis  U 
effected  and  completed  in  about  27i  days^  whereas 
it  is  29^  days  from  one  conjunction  with  the  sun  to 
the  next. 

6.  That  every  part  of  the  moon  is  turned  to  the 
sun,  in  the  space  of  her  monthly  or  periodic  revo^ 
lution. 

To  be  more  particular.     On  turning  the  handle^ 
you  will  observe  another  motion  of  the  earth,  which 
has  not  yet  been  spoken  of,  namely,  its  monthly 
motion  about  the  common  centre  of  gravity  between 
the  earth  and  moon,  which  centre  of  gravity  is  re- 
presented by  the  pin  Z. ,    From  hence  we  learn,  that 
it  is  not  the  centre  of  the  earth  which  describes  what 
is  called  the  annual  orbit,  but  the  centre  of  gravity 
between  the  earth  and  the  moon,  and  that  the  earth 
has  an  irregular,  vermicular,  or  spiral  motion  about 
this  centre,  so  that  it  is  every  month  at  one  time 
nearer  to,  at  another  further  from,  the  sun.    It  is 
evident  from  the  instrument,  that  the  moon  does  not 
regard  the  centre  of  the  earth,  but  the  centre  of  gra^ 
vi  ty,  as  the  centre  of  her  proper  motion ;  that  the  cen- 
tre of  the  earth  is  furthest  from  the  sun  at  new-moon, 
and  nearest  at  the  full-moon  ;  that  in  the  quadratures 
the  monthly  parallax  of  the  earth  is  so  sensible,  as  to 
require  a  particular  equation  in  astronomical  tables, 
These  particulars  were  first  applied  to  the  onery, 
by  the  late  learned   and   ingenious  Mx*Btnjamn 
Martin. 
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To  explain  the  phases  of  the  Moon. 

The  moon  assumes  ilifierent  phases  to  us,  1,  oa 
account  of  her  globular  figure:  2,  on  account  of 
the  motion  in  her  orbit,  between  the  earth  and  the 
«un,  for  whenever  the  moon  is  between  the  earth  and 
the  sun,  we  call  it  new-moon,  the  enlightened  part 
being  then  turned  from  us ;  but  when  the  earth  is 
between  the  sun  and  the  moon,  we  then  call  it  full- 
moon,  the  whole  of  the  enlightened  part  being  then 
turned  towards  us. 

The  phases  of  the  moon  ar«  clearly  exhibited  in 
this  instrument ;  for  we  here  see,  that  the  half  which 
is  opposite  to  the  sun  is  always  dark,  while  that  next 
to  the  sun  is  white,  to  represent  the  illuminated 
part.  Thus,  when  it  is  new-moon,  you  will  see  the 
vrhole  white  part  next  the  sun,  and  the  dark  part 
turned  towards  the  earth,  shewing  thereby  its  dis- 
appearance, or  the  time  of  its  conjunction  and  * 
change :  on  turning  the  handle,  a  small  portion  of 
the  white  part  will  begin  to  be  seen  from  the  earth, 
which  portion  will  increase  towards  the  end  of  the 
seventh  day,  when  you  will  perceive  that  half  of 
the  light,  and  half  of  the  dark  side  is  turned  to- 
wards  the  earth,  thus  illustrating  the  appearance  of 
tlie  moon  at  the  first  quarter.  From  hence  the  light 
side  will  continually  shew  itself  more  and  more  in  a 
gibbous  form,  till  at  the  end  of  fourteen  days  the 
whole  white  side  will  be  turned  towards  the  earthy 
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and  the  dark  side  from  it^  the  earth  now  standing  iu 
a  line  between  the  sun  and  moon ;  and  thus  the  in- 
strument explains  the  opposition^  or  fuU-moon.  On 
turning  the  handle  again^  some  of  the  shaded  part 
will  begin  to  turn  towards  the  earth,  and  the  white 
side  to  turn  away  from  it,  decreasing  in  a  gibbous 
form  till  the  hist  quarter,  when  the  moon  will  ap- 
pear again  as  a  crescent,  which  she  preserves  till  sh^ 
lias  attained  another  conjunction. 

In  this  lunarium  the  moon  has  alwa3^s  the  same 
face  or  side  to  the  earth,  as  is  evident  from  the  spots 
delineated  on  the  surface  of  the  ivory  ball,  revolving 
about  its  axis,  in  the  course  of  one  revolution  round 
the  earth ;  in  consequence  of  which  the  light  and 
dark  parts  of  the  moon  appear  permanent  to  us,  and 
the  phases  are  shewn  as  they  appear  in  the  heavens. 
The  tutor  will  be  enabled,  by  this  instrument,  tq 
explain  some  other  circumstances  to  his  pupil;  nanne- 
ly,  that  as  the  earth  turns  round  on  its  axis  once  in 
24  hburs,  it  must  in  that  time  exhibit  every  part  of 
its  surface  to  the  inhabitants  of  the  moon,  ^ind  there^ 
fore  its  luminous  and  opake  parts  will  be  seen  by 
them  in  constant  rotation.  As  that  half  of  the  earth 
which  Is  opposed  to  the  sun  is  always  dark,  the  earth 
will  exhibit  the  same  phases  to  the  lunarians  that  we 
do  to  them,  only  in  a  contrary  order,  that  when  the 
moon  is  new  to  us,  we  shall  be  foil  to  them,  and 
vice  versa.  But  as  one  hemisphere  only  of  the  moon 
*  is  ever  turned  towards  us,  it  is  only  those  that  ar? 
in  this  hemisphere  that  c^n  see  us;  our  earth  will 
appear  to  them  always  in  one  place,  or  fixed  in  the 
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same  part  of  the  heavens  :  the  lunarians  and  the  op- 
posite hemisphere  never  s^  our  earthy  nor  do  we  ever 
view,  that  part  of  the  moon  which  they  inhabit.  The 
moon's  apparent  diurnal  motion  in  the  heavens  is 
produced  by  the  daily  revolution  of  our  earth; 

if  we  consider  the  moon  with  respect  to  the  sun, 
the  instrument  shews  plainly  that  one  half  of  her 
globe  is  always  enlightened  by  the  sun  ;  that  every 
part  of  the  lunar  ball  is  turned  to  the  sun^  in  the 
space  of  her  monthly  or  periodic  revolution  ;  and 
that  therefore  the  length  of  the  day  and  night  in  the 
moon  is  always  the  same,  and  equal  to  14|  of  our  day. 
When  the  sun  sets  to  the  lunarians  in  that  hemisphere 
next  the  earth,  the  terrestrial  moon  rises  to  them, 
and  they  can  therefore  never  have  any  dark  night ; 
^  while  those  in  the  other  hemisphere  can  have  no 
light  by  night,  but  what  the  stars  afford. 

Of  the  periodical  and  synodlcal  fnontfu 

The  difference  between  the  periodical  month,  in 
which  the  moon  exactly  describes  the  ecliptic,  and 
the  synodical,  or  time  between  any  two  new-mobns, 
is  here  rendered  very  evident.*  To  shew  this  dif- 
'  ference,  observe  at  any  new-moon  her  place  in  the 
ecliptic,  then  turn  the  handle,  and  when  the  moon 
has  got  to  the  same  point  in  the  ecliptic,  you  will 
»ee  that  the  dial  shews  274*  days,  and  the  moon  has 
finishecl  her  periodic  revolution.  But  the  earth,  at 
the  same  time,  having  advanced  in  its  annual  path 
about  37  degrees  of  the  ecliptic,  the  moon  will  not 
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have  got  round  in  a  direct  line  v/ith  the  sun,  but 
will  require  28  days  and  4  hours  more^  to  bring  it 
into  conjunction  with  the  sun  again. 


Of  eclipses  of  the  Sun  and  Moon. 

I'here  is  nothing  in  astronomy  more  worthy  of 
our  contemplation^  nor  any  thing  more  sublime  in 
natural  knowledge,  than  rightly  to  comprehend  those 
sudden  obscurations  of  the  heavenly  bodies  that  are 
termed  eclipses,  and  the  accuracy  with  which  they 
are  now  foretold.  "  One  of  the  chief  advantages 
derived  by  the  present  generation,  from  the  improve- 
ment and  diffusion  of  philosophy,  is  delivery  from 
unnecessary  terror,  and  exemption  from  false  alarms. 
The  unusual  appearances,  whether  regular  or  acci- 
dental, which  once  spread  consternation  over  ages 
of  ignorance,  are  now  the  recreations  of  inquisitive 
security.  The  sun  is  no  more  lamented  when  it 
is  eclipsed,  than  when  it  sets ;  and  meteors  play 
their  corruscations  without  prognostic  or  predic- 
tion." 

I  have  already  observed,  that  the  sun  is  the  only 
real  luminary  in  the  solar  system,  and  that  none  of 
the  other  planets  emit  any  light  but  what  they  ha^ve 
recfeived  from  the  sun ;  that  the  hemisphere  which 
is  turned  towards  the  sun  is  illuminated  by  his  rays, 
while  the  other  side  is  involved  in  darHneiss,  and  pro- 
jects a  shadow,  which  arises  from  the  Iqmippws 
body. 
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When  the  shadow  of  the  earth  falls  upon  the  moon. 
It  causes  an  eclipse  of  the  moon ;  when  the  shadow 
of  the  moon  falls  upon  the  earthy  it  causes  an  eclipse 
of  the  sun* 

An  eclipse  of  the  moon^  therefore^  never  happens 
hut  when  the  earth's  opake  body  interposes  between 
the  sun  and  the  moon^  that  is^  at  the  full-moon  ;  and 
an  eclipse  of  the  sun  never  happens  but  when  the 
moon  comes  in  a  line  between  the  earth  and  the  sun^ 
that  is^  at  the  new-moon. 

From  what  we  have  already  seen  by  the  instru* 
ment^  it  appears^  that  the  moon  is  once  every  month 
in  conjunction^  and  ^nce  in  opposition ;  from  hence 
it  would  appear^  that  there  ought  to  be  two  eclipses » 
one  of  the  sun,  the  other  of  the  moon,  every  month ; 
but  this  is  not  the  case,  and  for  two  reasons  :  first, 
because  the  orbit  of  the  moon  is  inclined  in  an  an* 
gle  of  about  5  degrees  to  the  plane  of  the  ecliptic  ; 
and  secondly,  becanse  the  nodes  of  this  orbit  have  a 
progressive  motion,  which  causes  them  to  change 
their  place  every  lunation.  Hence  it  often  happens, 
that  at  the  times  of  opposition  or  conjunction,  the 
moon  has  so  much  latitude,  or,  what  is  the  same 
thing,  is  so  much  below  or  above  the  plane  of  the 
ecliptic^  that  the  light  of  the  sun  will,  in  the  first 
case,  reach  the  moon,  without  any  obstacle,  and  in 
the  other  the  earth ;  but  as  the  nodes  are  not  fixed, 
but  run  successively  through  all  the  signs  of  the 
ecliptic,  the  moon  is  often,  both  at  the  times  of 
j^onjunction  and  opposition,  in  or  very  near  the  plane 
of  the  ecliptic ;  in  these  cases  an  eclipse  happens 


432  PH£NOM£NA   OF   THE   MOON'. 

a 

cither  of  the  sun  or  moon,  according  to  ber  situ- 
ation. The  whole  of.  this  is  rendered  clear  by  thelip- 
narium,  where  the  wire  projecting  from  the  earth, 
shews  when  the  moon  is  above,  below,  or  even  with 
the  earth,  at  the  times  of  conjunction  and  opposition, 
and  thus  when  there  will  be,  or  not,  any  eclipses. 

The  distance  of  the  mpon  from  the  earth  varies 
sensibly  with  respect  to  the  sun  ;  it  does  not  move  in 
a<;ircular,  but  in  an  eUiptic  orbit  round  us,  the  earth 
being  at  one  of  the  foci  of  this  curve.*  The  longer 
axis  of  the  lunar  orbit  is  not  always  directed  to  the 
same  point  of  the  heavens,  but  has  a  movement  of 
its  own,  which  is  not  to  be  confounded  with  that  of 
the  nodes ;  for  the  motion  of  the  last  is  contrary  to 
the.  order  of  signs,  but  that  of  the  hne  of  apsides  is  in 
the  same  direction,  and  returns  to  the  same  poitit  in 
the  heavens  in  about  nine  years.  This  motion  is  il- 
lustrated  in  the  lunarium  by  means  of  the  brass  ellip- 
ses XY,  which  is  carried  round  the  earth  in  little 
less  than  nine  years ;  thus  shewing  the  situation  of 
the  elliptical  orbit  of  the  moon,  and  the  place  of  tlie 
apogee  in  the  ecliptic. 

Those  who  wish  to  extend  the  application  of  tbe 
instrument  further,  may  have  an  apparatus  applied 
to  it  for  explaining  the  Jovian  and  Saturnian  systems, 
illustrating  the  motion  of  her  satellites,  and  of  the 
ring  of  Saturn.     But  as  this  application  would  ex- 

*  That  point  of  her  orbit  wherein  she  is  nearest  the  earth,  is 
called  hcTjycrigee ;  the  opposite  point,  in  which  she  is  farthest  off, 
is  called  her  apogee.  These  two  points  are  called  her  apsidss^  the 
•pogec  is  the  higher,  the  perigee  the  lower  apsis. 


\ 
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tend  the  price  of  the  instrument  beyond  die  reach  of 
most  purchasers^  I  have  thought  it  would  be  unne-^ 
cessaiy  to  describe  them ;  the  more  so,  as  the  pheno- 
mena they  are  intended  to  explain  are  accurately 
and  clearly  described  in  several  introductory  works 
of  astronomy.  ^  , 

Having  surveyed  and  endeavoured  to  illustrate 
the  general  phenomena  of  the  heavens,  let  us  turn 
the  mental  eye  towards  our  Lord,  who  hath  made  all 
things  in  heaven  and  earth,  and  whose  tender  care  is 
over  all.  • 

^^  Innuqierabl^  worlds  stood  forth  at  thy  com- 
mand, and  by  thy  woi-d  they  are  filled  with  glori- 
ous works! 

^^  Who  can  comprehend  the  boundless  univeri^e  ^ 
or  number  the  stars  of  heaven  ?  ' 

^^  Amidst  them  thou  hast  provided  a  dwelling  for 
man,  that  he  might  praise  thy  name. 

*^  The  sun  shineth,  and  is  very  glorious,  and  Wf5 
rejoice  in  the  light  thereof. 

^^  We  admire  its  brightness,  and  perceive  its 
greatness;  and  our  earth  vanishes  in  comparison 

vrith  it. 

^^  Many  worlds  are  nourished  by  it,  and  its  glory 
is  great.  By  its  influence  the  earth  is  clothed  with 
plenty,  and  the  habitation  of  man  rendered  exceed- 
ing beautiful. 

"  Yet  what  is  this  amidst  thy  works  ?  is  it  not 
as  a  point,  and  as  nothing  in  the  firmament  of  hea- 
ven ? 

SB 
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"  'What  then  is  man^  that  thou  art  mindful  of  him, 
or  the  son  of  man,  that  thou  visitest  him  ? 

*^  Thy  power  is  circumscribed  by  no  bounds,  both 
great  and  small  are  alike  unto  thee* 

'^  From  the  sun  in  the  firmament  of  heaven,  to 
the  sand  on  the  sea  shore,  all  is  the  operation  of  thy 

hand- 

*^  From  the  cherubim  and  seraphim  which  stand 
before  thee,  to  the  worrii  in  the  bowels  of  the  earth, 
all  living  creatures  receive  of  thee  what  is  good  and 
expedient  for  them/** 

Praise  then  the  Lord,  O  my  soul,  praise  his  name 
ibf  ever  and  ever. 


♦  Sre  '^  Hymns  to  the  Supreme  Being,  in  imite^tioa  of  the 
GasAerQ  l$ongs/'     Loiidon,  1780* 
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ESSAY    IV. 


AN 


INTRODUCTION 


TO 


PRACTICAL  ASTRONOMY. 


1  HERE  is  no  part  of  mathematical  science  more 
truly  calculated  to  interest  and  surprize  mankind^ 
than  the  measurement  of  the  relative  positions  and 
distances  of  inaccessible  objects. 

To  determine  the  distance  of  a  ship  seen  on  a  re* 
mote  spot  of  the  unvaried  face  of  the  ocean^  to  ascer- 
tain the  height  of  the  clouds  and  meteors  which  float 
in  the  invisible  fluid  above  our  heads^  or  to  shew  witli 
certainty  the  dimensions  of  the  sun^  and  other  bo- 
dies^ in  the  heavens^  are  among  the  numerous  pro- 
blems which,  to  the  vulgar,  appear  far  beyond  the 
reach  of  human  art,  but  which  are  nevertheless  truly 
resolved  by  tlie  incontrovertible  principles  of  the  ma- 
thematics. 

These  principles,  simple  in  themselves,  And  easy 
to  be  understood,  are  applied  to  the  construction  pf 
a  variety  of  instruments ;  and  the  fdilowing  pag«i^ 

BBS 
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contain  an  account  of  their  use  in  the  quadivint  aad 
the  equatorial. 

The  position  of  any  object,  with  regard  to  a  spec- 
tator,  can  be  considered  in  no  more  than  two  ways>* 
namely,  as  to  its  distance,  or  the  length  of  a  line 
supposed  to  be  drawn  from  the  eye  to  the  object;  and 
as  to  its  direction,  or  the  situation  of  that  line  with 
respect  to  any  other  hues  of  direction ;  or,  in  other 
words,  whether  it  lies  to  the  right  or  left,  above  or 
below  those  Imes.  The  first  of  thes6  two  modes  bears 
relation  to  a  line  absolutely  considered,  and  the  se- 
cond to  an  angle.  It  is  evident,  that  the  distance  can 
be  directly  come  at  by  no  other  means  than  by  mea- 
suring it,  or  successively  applying  some  known  mea- 
sure along  the  lin^  in  question  ;  and  therefore,  that 
in  many  cases  the  distance  cannot  he  difectly  found ; 
but  the  position  of  the  line,  or  the  angle  it  form*, 
with  some  other  assumed  line,  may  be  readily  ascer- 
tained, provided  this  hist  line  do  likewise  terminate 
in  the  eye  of  the  spectator.  Now  the  whole  artifice 
in  measuring  inaccessible  distances  consists  in  finding 
their  lengths,  from  the  consideration  of  angles,  ob- 
served about  some  other  line,  whose  length  can  be 
Submitted  to  actual  mensuration*  How  this  is  doot 
I  shall  proceed  to  shew. 

Every  one  Tcuows  the  form  of  a  common  pair  of 
compasses.  If  the  Ig gs  of  this  instrument  were  ma- 
thematical lines,  they  would  form  an  angle  greater 
or  less,  in  proportion  to  the  space  the  points  would 
have  passed  through  in  their  opening.  Suppose  an 
arc  qf  a  circle  to  be  placed  in  such  a  maruier>  as 
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to  be  passed  over  by  these  points,  then  the  ang'les 
\vill  be  in  proportion  to  the  parts  of  the  arc  passed 
over ;  and  if  the  whole  circle  be  divided  into  any 
number  of  equal  parts,  as,  for  example,  36o,  the  num- 
ber of  these  comprehended  between  the  points  of  the 
compasses  will»denote  the  magnitude  of  the  angle. 
This  is  sufficiently  clear ;  but  there  is  another  cir- 
cumstance wliich  beginners  are  not  always  sufficiently 
aware  of,  and  which,  therefore,  requires  to  be  well 
attended  to :  it  is,  that  the  angle  will  be  neither  en- 
larged nor  diminished  by  any  change  in  the  length 
of  the  legs,  provided  their  position  remains  unalter- 
ed ;  because  it  is  the  inclination  of  the  legs,  (and  not 
their  length)  or  the  space  between  them,  which  con- 
stitutes the  angle.  So  that  if  a  pair  of  compasses^ 
with  very  long  legs,  were  opened  to  the  same  angle  as 
another  smaller  pair,  the  intervals  between  their  re^ 
spective  points  would  be  very  different;  but  the  num- 
ber of  degrees  on  the  circles,  supposed  to  be  appHed 
to  each,  would  be  equal,  because  the  degrees  them- 
selves on  the  smaller  circle  would  be  exactly  propor^ 
tioned  to  the  shortness  of  the  legs.  This  property 
renders  the  admeasurement  of  angles  very  easy,  bcr 
cause  the  diameter  of  the  measuring  circle  may  bq 
varied  at  pleasure,  as  convenience  requires. 

In  practice,  however,  the  magnitude  of  instra^ 
ments  is  limited  on  each  side.  If  they  ai^emade  very 
large,  they  are  difficult  to  manage ;  and  their  weight, 
bearing  a  high  proportion  to  their  strength,  renderi^ 
them  liable  to  change  their  figure,  by  bending  when 
their  position  is  altered  :  but,  on  the  contrary,  if 
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they  are  very  small,  the  errors  of  construction  and 
graduation  amount  to  more  considerable  parts  of  the 
divisions  on  the  limbs  of  the  instrument* 


GENERAL   PRINCIPLES   OF    CALCULATION. 

% 

Before  we  proceed  any  farther,  I  shall  slightly  no- 
tice the  general  principles  of  the  calculations  we  are 
going  to  use. 

Plane  Trigonometry  is  the  art  of  measuring  and 
computing  the  sides  of  plane  triangles,  or  of  such 
whose  sides  are  right  lines. 

In  most  cases  of  practice,  it  is  required,  to  find 
lines  or  angles  whose  actual  admeasurement  is  diffi- 
cult or  iWipracticable.  These  mathematicians  teach 
us  to  discover  by  the  relation  they  bear  to  other 
given  linei5  or  angles,  and  proper  methods  of  cal- 
culation^ 

Fiiiding  the  comparison  of  one  right-line  with  an- 
other tight-line  more  easy  than  the  comparison  of  a 
right-line  with  a  curve,  they  measure  the  quantities 
of  the  angles  not  by  the  arc  itself,  which  is  described 
on  the  angular  point,  but  by  certain  lines  described 
about  that  point. 

If  any  three  parts  of  a  triangle  are  known,  the  re- 
maining unknown  parts  may  be  found  either  by  con- 
struction or  by  calculation. 

If  two  angles  6f  a  triangle  are  known  in  degrees 
imd  minutes,  the  third  is  found  by  subtracting  their 
sum  from  1 80  degrees  ;  but  if  the  triangle  be  right- 
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,  « 

angled,  either  angle  in  degrees^  taken  from  90  deg. 
gives  the  other  angle.  ' 

Before  the  required  side  of  a  triangle  can  be  found 
by  calculation^  its  opposite  angle  must  be  given  ot 
found. 

I'he  required  part  of  a  triangle  must  be  the  last 
of  four  proportionals^  written  in  order  one  under 
the  other,  whereof  the  three  first  terms  are  given  or 
known. 

Against  the  three  first  terms  of  the  proportion,  ar« 
to  be  written  the  corresponding  numbers  taken  from 
tables,  which  have  been  constructed  to  facilitate  caU 
dilation. 

These  tables  are  called  logarithms ;  and  are  so  con- 
trived, that  multiplication  is  performed  by  addition^ 
and  dhieion .  by  gubtr action. 

If  the  value,  then,  of  the  first  term  of  your  pro- 
portion be  taken  from  the  sum  of  the  second  and 
third,  yon  obtain  the  value  of  the  fourth,  or  quantity 
required;  because  the  addition  and  subtraction  of 
logarithms  corresponds  with  the  multiplication  and 
division  of  natural  numbers. 

To  avoid  even  the  subtraction  of  the  first  term, 
when  radios  is  not  one  of  the  proportionals,  som^ 
chuse  to  add  the  arithmetical  complement. 

To  fold  the  arithmetical  complement  oj  a  logarithm, 
begin  at  the  left  hand,  and  write  down  what  each 
figure  wants  of  9,  and  what  the  last  figure  wants  of 
1 0.  The  number  thus  found  is  to  be  added  to  the. 
second  and  third  values ;  the  sum,  rejecting  the  bor- 
rowed index,  is  the  tabular  number  expressing  the 
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quantity  required :  thus  the  aritihmetieal  complement 
of  2.6963564  is  7.3036436. 

.  Tojindfhe  logarithm  of  a  given  number.  Here 
you  must  remember  that  the  integral  par^of  a  loga- 
rithm is  called  its  ihdejc,  because  it  denotes  the  num* 
her  of  figures  in  the  natural  number  answering  to  the 
logarithm.  The  ^  decimal  part  of  every  logarithm 
belongs  equally  to  a  whole  number,  a  mixed  number, 
or  a  decimal  number ;  that  is,  they  are  expressed  by 
the  same  figures^  in  the  sande  order,  but  ^tlie  index 
varies  according  to  the  value  of  the  expression.  The 
index  of  a  logarithm  is  always  an  unit  less  than  the 
number  of  figures  in  the  integer  number,  of  .which  it 
is  the  logarithm. 

,  Hence  the  following  general  rule  for  finding  the 
index  of  a  logarithm.  To  the  left  of  the  logarithm, 
write  that  figure  or  figures  lybich  expresses  ithe  dis- 
tance from  unity,  of  the  highest  pfajoe  digit  in  the 
given  number,  reckoning  the  imifs  place  0,  the 
txext  place  1,  the  next  to  that  2,  the.  next  to  that 

By  attending  to  the  folibwii^- example^  it  will 
b^  easy  for  you  to  find  the  logarithm  of  a  given 
pumber,  and ,  the  number  coTresponding  to  a  given 
logarithms 

Thus,  let  the  number  be  7854.  Que  column  gives 
the  decanal  part ;  the  next  the  logarithm  complieted 
'with  the  indexes. 
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dumber. 

7854 

785.4 

78.54 

7.854 

0.7854 

0.07854 


Decim.  Part. 

0.895091 

0.895091 

0.895091 

0.895091 

0.89509  L 

0.895091 


Compl.  Log. 

3.895091 
2.895091 
1.895091 
0.895091 
1*895091 
2.895091 


Tables  of  logarithms  are  also  constructed  for  sines^ 
tangents,  &c.  of  an  arc:  these  are  to  be  taken  out 
from  the  tables,  according  to  their  respective  value. . 

Spherical  trigonometry  is  the  science  of  calcul^t* 
ing  the  trismgles  formed  on  the  surface  of  aglol^;  by 
three  arches  of  great  circles :  the  smaller  circles  of 
a  sphere  are  not  noticed  in  the  calculations  of  sphe^ 
rical  trigonometry.  This  science  is  too  intrics^te  to 
be  any  way  explained  in  this  Essfly ;  we  mu$t  there* 
fore  content  ourselves  with  only  giving  th?  proporr 
tions  necessary  to  answer  our  purpose,* 


•  ..* 
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Every  circle  being  supposed  to  be  divided  into 
360  equal  parts  or  degrees^  it  ^s  evident  th^t.90  de- 
grees  or  one-fourth  part  of  a  circlcji  will  be  sufficient 
to  measure  all  angles,  formed  between  a  Une  perpen- 
dicular to  the  horizon,  and  other  lines  which  are  not 

*  For  one  of  the  most  familiar  and  best  treatises  on  this  su.b-* 
ject,  I  refer  the  reader  io  "  An  Introduction  to  the  Theory  and 
Practice"  of  Plane  and  Spherical   Trigononjetry/*  Svo.  by  Mr. 
Tfaonas  K^ith,  ^d.  edition;,  ISta     Kdit. 
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directed  to  points  below  the  level.    Plate  \4,Jig,  1 , 
is  a  drawing  of  a  very  simple  and  useful  instrument 
of  this  kind.     ABC  is  a  quadrant  mounted  upon  an 
axis  and  pedestal :  by  means  of  the  axis,  it  may 
be  immediately  placed  in  any  vertical  position,  and 
the  pedestal  being  moveable  in  the  axis  of  the  circle 
EP,  serves  to  place  it  in  the  direction  of  any  azi- 
muth, or  towai'ds  any  point  of  the  compass.     The 
limb  AB,  is  divided  into  degrees  and  halves  num- 
bered from  A ;  and  upon  the  radios  BC,  acre'  fixed 
two  sights,  of  which  Bis  perforated  with  a  small  hole, 
and  is  provided  with  a  dark  glass  to  defend  the  eye 
from  the  sun's  light ;  and  the  other  sight  Z  has  a 
larger  hole  ftimished  with  cross  wires,  and  also  a 
smaller,  which  is  of  use  to  take  the  sun's  altitude  by 
the  projection  of  the  bright  image  of  that  luminaiy 
upon  the  opposite  sight.     From  the  centre  C,  hangs 
a  plumb-line,  CP.     The  horizontal  circle  FE,  is  di- 
vided  into  four  quadrants  of  90  degrees ;  and  an 
arm  E,  connected  with  the  pedestal,  moves  along  the 
limb,  and  consequently  shews  the  position  of  the 
plane  of  the  quadrant,  as  will  hereafter  be  more  mi- 
nntely  explained.  Lastly,  the  screws  G,H,I,  render  it 
very  easy  to  set  the  whole  instrument  steadily  and  ac- 
curately in  its  proper  position,  notwithstandingany  ir- 
regularity in  the  table  or  stand  it  may  be  placed  upon. 
The  rationale  of  this  instrument  is  very  clear  and 
obvious.     It  is  used  to  measure  the  angular  distance 
of  any  body,  or  ap^pearaiice,  either  from  the  zenith 
gr  point  immediately  above  our  heads,  or  from  the 
horizon  or  level.     The  phimb-line  CP,  if  continued 


OF  THE   aUADRANTi  443 

upward*  from  C,  would  be  directed  to  the  zenith  Z ; 
and  the  line  CL,  supposed  to  be  drawn  from  the  cen- 
tre of  the  quadrant  to  an  object  L,  will  form  an  angle 
LCZ,  which  is  the  zenith  distance,  arid  is  equal  to 
the  angle  BCP,  formed  between  the  opposite  parts 
of  the  same  lines.     We  see,   therefore,  that  the  de- 
grees on  the  arc,  comprehended  on  the  limb  of  thfe 
quadrant,  between  the  plumb-line  and  the  extremities 
next  the  eye,  measure  the  angle  of  zenith  distance. 
Again,  the  line  CK,  forming  a  right  angle  with 
the  perpendicular  CZ,  is  level  or  horizontal ;  the  anglfe 
LCK  must  therefore  be  the  altitude  or  elevation  of  L 
above  the  horizon  ;  and  this  last  angle  must  be  e<iual 
to  the  angle  measured  between  the  plumb-line  and 
the  end  A  farthest  from  the  eye  ;  because  both  these 
are  equal  to  the  quantity  which  would  be  left,  after 
taking  the  zenith  distance  from  a  right  angle,  or  the 
-  whole  quadrant. 

The  determination  of  the  altitude  or  zenith  dis* 
tance  of  an  object  is  not  sufficient  to  ascertain  its 
place,  because  the  object  may  be  placed  in  any  direc- 
tion with  respect  to  azimuth,  or  the  points  of  the  com«> 
pass,  without  increase  or  diminution  of  its  altitude. 
Hence  it  is,  that  an  horizontal  graduated  circle  is  a 
necessary  addition  to  a  quadrant,  which  is  not  in- 
tended to  be  always  used  in  the  same  plane.  Tlie 
bearing  or  position  of  an  object  relative  to  the  cardinal 
points  ;  together  with  the  altitude,  is  sufficient  to  as- 
certain the  place  of  any  object  or  phenomenon. 

After  this  short  account  of  the  general  principles 
of  the  quadrant,  I  shall  proceed  to  shew  some  of  the 
leading  problems  resolved  by  it. 
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PnoBUiM  !•     To  adjust  the  quadrant  for  ohserva^ 

tion. 

Tlie  quadrant  is  adjusted  for  observation  when  its 
plane  continues  perpendicular  to  the  horizon  in  all 
positions  of  the  line  of  siglit.  To  effect  this^  bring 
the  index  to  90""  on  the  horizontal  circle,  and  turn 
one  or  both  of  the  screws  which  ar^  fixed  opposite 
60%  till  the  plumb-line  lightly  touches  the  plane  of 
Jhe  quadrant ;  then  turn  the  index  tp  O^  and  make 
the  same  adjustment  by  means  of  the  screw  at  O'', 
and  the  quadrant  is  ready  for  observation. 

Or  otherwise ;  set  the  index  at  0\  and  observe 
the  degree  marked  by  the  plumb-line  on  the  limb ; 
then  turn  the  index  to  the  other  0%  wliich  is  dia- 
metrically opposite,  and  observe  the  degree  marked 
by  the  plumb-line :  if  it  be  the  same  -as  before,  there 
will  be  no  occasion  to  alter  the  screws  at  60^ ;  but  if 
otherwise,  one  or  both  of  those  screws  must  be  turned 
till  the  plumb-line  intersects  the  middle  deg.  or  part, 
between  the  two.  After  this  operation,  tibe  degree 
marked  by  the  plumb-line  must  be  observed,  as  be- 
fore, by  setting  the  index  at  both  .the  Q0\  and  tha 
adjustment  of  the  plumb-line  to  the  middle  distance 
soust  be  made  by  the  screw  at  0%  taking  carte  not  to 
touch  the  other  screws. 

The  latter  method  of  adjustment,  being  more  acr 
curate  in  practice,  may  be  used  after  the  former. 

The  larger  or  more  expensive  instruments  have 
apparatus   for  setting  the  a^3  of  motion  at  right 
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angles  to  the  planes  of  the  horizontal  circle  and 
quadrant^  the  line  of  sight  or  coUimation  parallel 
to  the  radius  passing  through  go*",  &c.  &c.  In  small 
instrumentsi,  these  adjustments  are  made  by  the 
TTorkmen. 


INTRODUCTORY   PROBLEMS. 

Problem  n.  Tojind  the  distance  of  an  ohject  on 
the  earth  by  observatitTns  made  from  two  stations  on 
the  same  leveL 

Observations.  Choose  two  stations,  between 
which  the  ground  is  level,  and  place  a  visible  mark 
on  each.  The  distance  between  them  ought  not 
to  be  less  than  the  seventh  or  eighth  part  of  the 
estimated  distance  of  the  objects,  and  neither  sta- 
tion ought  to  be  considerably  nearer  the  object  than 
the  other. .  Measure  the  distance  between  the  sta- 
tions, by  means  of  measuring  poles,  a  chain,  or  a 
piece  of  stretched  cord.  From  one  station '  direct 
the  quadrant  to  the  object,  by  looking  through  the 
hole  in  one  siglit,  and  moving  the  upright  axis  about, 
till  the  object  is  seen  through  the  hole  in  the  other, 
exactly  at  the  intersection  of  the  cross  wires;  Ob- 
serve the  degrees  and  parts  shewn  by  the  index  on 
the  horizontal  circle,  then  direct  the  quadrant  in 
the  same  manner  to  tKe  mark  of  the  other  station, 
and  observe  the  degrees  and  parts  shewn  by  the  index. 
The  number  of  degrees  and  parts  intercepted  between 
this  and  the  fornier  position  of  the  index  is  the  an- 
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gle  at  the  first  station.  The  same  operations  re- 
peated at  the  second  station  will  give  the  angle  at 
that  station. 

Thus,  let  F,  plate  15,  Jig.  1,  be  the  object,  A,B, 
the  two  stations  880  feet  distant  from  each  other ;  the 
angle  observed  at  A  fonnd  to  be  83°  45',  that  observed 
at^85^  15'. 

Solution.  Take  the  sum  of  tjie  two  observed 
angles  from  180°,  and  the  remainder  will  be  the 
angle  under  which  the  two  station  marks  would  be 
seen  from  the  object.  Let  F  be  the  object,  A  and  B 
the  two  stations,  the  angle  at  A  found  by  observation 
to  be  83*^  45',  that  at  B  85°.  15',  the  sum  of  thesetwo 
angles  is  169%  which  taken  from  180°  gives  IT  fot 
the  value  of  angle  F. 
Then  as  the  sine  of  angle  F, 

at  the  object  -  -  11°  GO'  9.2805988 
Is  to  the  sine  of  angle  A  at 

one  station  A         -         -         83°  4$^     9.9974110 
So  is  the  distance  AB  be- 
tween the  stations       -      880  2.9444827 
To  the  distance   of  the  ob- 
ject BF,  from  the  other 
station       -         -         4584.5  feet           3.6613949 

Solution  of  the  problem  by  protraction.  From  a 
scale  of  equal  parts,  lay  down  a  right  line  to  re- 
present the  measured  base-  By  means  of  the  pro- 
tractor, or  by  the  line  of  chords,  draw  a  line  from 
each  extremity  of  the  base,  forming  angles  equal  to 
those  actually  observed ;  continue  these  lines  till  they 
intersect. 
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The  interval  between  the  point  of  intersection  at 
•ne  extremity  of  the  base  being  taken  between  the 
compasses,  and  applied  to  the  line  of  equal  parts^  will 
shew  die  distance  between  tUe  object  and  the  station 
represented  by  that  extremity. 

This  problem  may,  in  cases  of  small  distance, 
be  conveniently  applied  to  a  base  line  ^  measured 
within  a  room,  and  the  observation  taken  out  at  the 
windows. 


Problem  hi.    To  find  the  height  of  a  spire^  a  moun^ 

tain,  or  any  other  elevatwn. 

Case  1.  When  the  distance,  DF,  plate  \by fig.  2, 
of  the  point  F  immediately  beneath  the  object  can 
be  measured.* 

Observe  the  angle  of  altitude  CDE  with  the  qua- 
drant, by  viewing  the  summit  through  the  sights, 
and  noting  the  degrees  and  parts  indicated  by  the 
intersection  of  the  plumb-line ;  measuring  also  the 
horizontal  distance  ;  let  the  angle  CDE  be  47°  30% 
the  line  DE  100  feet. 

Then  as  radius     -r        -         -         •         lO.OOOOOOO 
To  the  tangent  of  ZCDE  47^  30'  IO.0379475 

So  18  the  measured  distance  D£  100         2.0000000 


To  the  height  required^  lOg.S         -         12.0379475 


*  As  the  point  cannot  conveniently  be  taken  from  the  ground, 
you  must  add  the  height  of  the  eye  at  the  "observation  to  the  height 
found. 
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Or  by  construction.  Draw  a  right  line  cqxial 
to  the  njeasured  base,  taken  from  a  scale  of  equal 
paits.  ^ 

Erect  a  perjDendicular  from  one  extremity,  and 
from  the  other  draw  a  line  inclined  towards  the  per- 
pendicular, and  forming  an  angle  with  the  base  equal 
to  the  observed  angle. 

The  interval  between  the  intersection  of  this  last 
line  and  the  perpendicular,  and  the  lower  extremity 
'  of  the  perpendicular  itself,  being  taken  in  the  com- 
passes, and  applied  to  tlie  line  of  equal  parts,  will 
shew  the  height  required. 

Case  2.  When  the  distance  of  the  point  A 
immediately  beneath  the  summit  cannot  be  mea- 
sured. 

Find  the  distance  by  prob.  ii,  and  the  height  by 
case  1,  of  this  problem. 

Or,  otherwise :  measure  a  base  line  DC,  plate  15, 
^g.  3y  directly  towards  the  object,  and  take  the  alti- 
tude from  each  end  of  the  base. 

Let  DC,  the  base,  be  1 00  feet,  the  angle  observed 
at  C  32%  the  angle  at  D  58'';  subtract  the  lesser 
altitude  from  the  greater,  and  the  difference  is  the 
angle  B  2ff*. 

Then  as  the  sine  of  this  difference  26''       9.6418420 
Is  to  the  sine  of  the  lesser  altitude  32°       9.7242097 
So  is  the  base  line  !  GO     -         -         .       S.OO060OO 
To  the  direct   distance  between  the 
summit  and  nearer  end  of  the  base 
line    -         .         -         ^         .        .       2.O823677 
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And, 
As  radius  or  angle  A  90"*    .     • 
Is  to  the  sine  of  the  greater,  altitude 
58°  •         -         -         -         . 

So  is  the  distance  last  found 

To  the  height  required  102.51  feet 


10. 

9.928420;5 
0.O8S3677 

2.0107822 


Or  by  construction.  Set  off  the  base  line,  and 
fro'm  its .  extremities  draw  lines  Inclined  to  the 
base  in  the  respective  angles  observed,  but  in  such 
a  manner,  as  that  the  less  angle  niay  be  formed  by  the 
ba^e  itself,  and  the  greatest  by  the  prolongatioa  of 
the  base. 

These  lines  will  intersect. 

From  the  point  of  intersection,  let  fall  a  perpen- 
dicular on  the  prolongation  of  the  base,  and  it  will 
give  the  height  required.         ^  •  . 

The  first  method  of  solving  this  case  is.  in  general 
the  best  in  practice.  It  is  for  the  most  part  much 
more  ea$y  to  find  a  base  sufficiently  long  and  level 
between  two  stations,  nearly  equi-distant  from  the 
.  eminence,  as  the  first  requires^  that  in  a  direction 
towards  it,  because  the  ground  usually  rises  irr^gu* 
larly  towards  mountains.  And  in  the  latter  ease 
also,  if  the  difference  between  the  two  altitudes 
be  not  very  considerable,  the  result  will  be  ren- 
dered erroneous  by  a  very  small  inaccuracy  of  obier« 
ration.. 
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ProbleiiI  IV.     To  plot  a  Jield  hy  a  base  line  m«<* 

sured  within  the  Jield. 

;  Set  up  marks  in  the  comer  of  a  fields  and  measure 
A  line  in  the  field  in  6uch  a  direction^  as  that  it  may 
be  set  as  far  as  possible  from  pointing  towards  any 
of  the  angles. 

Direct  the  sights  from  one  end  of  the  base  to  each 
of  the  angles  successively^  and  also  to  the  other  ex- 
tremity of  the  base,  carefully  noting  the  d^rees  and 
parts  of  the  horizontal  circle  marked  out  by  the  in- 
dex. Repeat  the  *  like  operations  at  the  other  end 
of  the  base  line. 

Cbnstritetion:  Draw  a  faint  line  upon  paper  upon 
1?rhich  sdi' off  frbm  a  scale  of  equal  parts  the 
measured  base.  From  its  extremities  draw  linesi, 
forming  Wi^  respective  angles  bbserved.  The  in- 
tersections of  those  lines  will  shew  the  comers  of 
angles  of  the  field,  and  must  be  joined  by  right 
Jin^s.  '   ' 

•  This  problem  being  nothing  more  than  a  deter- 
niination  of'  the  position  of  the  angular  points  with 
resjiect  t6  -the  baSe  line  by  prob.  ii,  will  be  more 
accurate  in  practice,  the  more  nearly  the  condi- 
tions there  expressed  are  adh^ed  to.  .  If  a  base 
linfe  cannot  be  had  in  view  of  all  the  angles,  and 
in  a  convenient  position^  two  or  more  base  lines 
mily  be  measured,  and  connected  together  by  the 
observation  of  the  requisite  angles  ;  or  the  three  sides 
of  a  triangle  may  be  measured  in  the  field;  according 
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to  ^ the  discretion  of  the  ingenious  learner^  and  the 
bearings  of  the  corners  of  the  field  takeq  from  such 
extremities  of  any  of  these  measured  lines^  ^s^  are 
best  adapted  to  the  puipose.  t 

As  this  method  is  far  from  being  laborious^  the 
student  will  do  well  to  njeasure  the  field*  twice^  but 
from  a  different  base  each  time.     . 

It  may  be  proper  to  observe,  for  the  use  of  such 
as  are  unacquainted  with  surv^ing  of  land^  that 
the  English  acre  is  4840  square  yards^  and  that 
.land  18'  most  conveniently  measured  by  the  Gunh 
t9r*;s  chtin,  of  22  yards  in  lengthy  divided  into 
too  links  ;  because  the  squai^  chain^  or  22  multi« 
plied  by  22^  equal  to  484^  is  exactly  the  tenth 
part,  of  atPi  ftcre.  -  If  the  plot  of  a  field  measufed  in 
chains  and  links  be  therefore  made  upon  paper,  and 
divided  into  a  number  of  triangles  by  drawing 
right  lines  within  it,  the  base  and  perpendicular 
of  each  triangle  may  be  measured  from  the  scale 
of  equal  parts,  and  half  their  product  will  be  the 
area  of  the  triangle  in  square  chains ;  the  sum  of 
all  the  areas  of 'the  triangles  will  be  the  area  of  the 
'field ;  which  divided  by  10,  will  shew  the  number 
of  acres ;  the  remaining  decimal  fraction  multi- 
plied by  4,  gives  the  roods ;  afid  the  decimal  part 
of  this  last  product  multiplied  by  40, '  gives*  the 
perches. 

In  the  following  example  is  a  more  ready  method, 
of  obtaining  the  contents. 

Example.    Jjtt  ABCDEF,  plate  15,  fig.  4/ hie  the 

FF  2 
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field,  in  which  I  assumed  two  stations,  P,Q,  at  the 
distance  of  1 0  chains  from  each  other. 

From  P,  I  observed  the  following  angles  :  QPA 
to  be  2V  20' ;  ABP,  49^  10' ;  BPC,  57°  12' ;  CPD, 
39''  40';  DPE,  64°j26';  EPF,  79^  l6'. 

From  the  station  Q,  I  observed  the  following 
angles:  PQD,  10^40';  DQC,  18^30';  CQB,  42**00'; 
BQA,  (57^  05'.  AQF  is  equal  to  AQO  added  to 
EQO;  that  is,  137';  FQE,  ^2^  5i^'. 

Solution.  Construct  the  figure  as  directed, 
and  divide  it  into  two  trapeziums,  DCBA,  and 
DEFA  ;  then  apply  th^  perpendiculars,  HB,  LD, 
IF,  and  the  diagonals  BD,  AE,  and  the  side  AD, 
to  a  scale  of  equal  parts,  and  you  will  obtain  the 
area  near  the  truth.*  But  it  may  be  obtained  accu* 
rately  by . 


Trigonometry. 

1 .  In  the  triangk  AQB,  you  will  find  QA  10.428, 
QB  15.198,  and  the  angle  AQB  67°  5'. 

2.  In  tl^e  triangle  BPQj,  you  will  find  QB  l$.ld8, 
BP  15.359,  the  angle  BPQ  38°  20'.  . 

3.  In  the  triangle  QPC,  we  have  PC  12.404,  PB 
15.259,  angle  BPC  57°  12'. 

4.'  In  the  triangle  QPD,  we  find  PD  8.94I,  PC 
12.404,  GPB  29°  40'.  '    . 

/ 

*  The  angles  are  in  soiDe  instances  In  this  example  assumed  toa 
•bllque  to  be  ascertained  with  accuiacy  in  piactice,  but  answer  fully 
the  purpose  of  illusUaiion 
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5.  In  the  triangle  QPE,  we  have  PE  lO.^SO^  PD 
8.941,  angle  DPE  64°  26'. 

6.  In  the  triangle  PQF,  we   obtain  PF  equal 
16.820,  QF  14.471,  angle  PFQ  36^  18'. 

7.  In  the  triangle  EPF,  PE  is  IO.950,  PF  16.820, 
angle  EPFrg""  16'. 

8.  In  the  triangle  AQF,  QF  is  14.471,  AQ 
10.428,  angle  AQF  137*., 

Now,  writers  on  mensuration  have  shewn,  that  if 
yon  add  the  logarithms  of  the  two  sides  of  a  triangle 
and  the  included  angle  together,  the  sum,  rejecting^ 
radius  will  be  the  logarithm  of  double  the  area  of  that 
triangle.     By  this  method  we  find, 

1,  the    double  area  of  /^  AQB  to  be  145.984 

3.         -         -        -         - 

4.     -     -     -     - 

6.         -  -  -  ' 

6.       -       -       -       - 
7 

8.         -         -         -         - 


BPQ 

—      143.844 

13PC 

-      159.143 

CPD' 

—       54.89s 

DPE 

—        88.304 

PFQ 

—      144.10$ 

EPF 

—      I8O.964 

AQF 

—      10391^ 

Diyid«by3)  1020.15^ 


^■i" 


6 10077 

The  young  student  in  trigonometiy  will  find  th^ 
solution  of  this  problem  no  contemptible  exercise; 
he  may  likewise,  if  he  has  a  sufficient  degree  of 
patience  and  industry,  find  every  line  drawn  in  the 
figure. 
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Problem  v.     To  plot  a  Jteld^  hy  measurit^  the 


sides  and  angles. 


i 

Set  up  marks  at  each  of  the  angles,  and  at  every 
oi;ie  of  these  marks  direct  the  quadrant  to  the  two 
adjacent  marks  on  each  side.  The  number  of  de- 
grees and  parts  between  the  two  positions  of  the  in- 
dex on  the  horizontal  circle,  will  shew  the  angle  at 
the  station  where  the  observation  is  made.  Measure 
the  distance  to  the  next  station,  and  observe  the 
angle  there  in  the  same  manner.  And  thus  proceed 
completely  round  the  field. 

Construction,  From  the  scale  of  equal  parts  dra^ 
a  line  equal  to  the  first  measured  side,  and  from  it^ 
extremities  draw  two  lines,  forming  angles  equal  to 
those  actually  observed 

Make  these  last  lines  equal  to  the  sides  they  repre* 
sent,  and  from  their  extremities  draw  two  other  line* 
at  angles  respectively  found  by  observation. 

Proceed  thus  till  the  whole  field  is  plotted. 

When:  all  the  angles  of  a  field  are  thus  measured^ 
their  sum,  if  the  operation  has  been  truly  made, 
tiill  be  equal  to  twice  as  many  right  angles,  deduct- 
ing four,  as  there  are  angles  in  sOil,  provided  they 
Joe  all  inward  Angles.  But  if  any  of  them  be  out- 
Vvard  angles,  their  respective  supplements  to  3o0 
must  be  taken  in  making  up  the  surii  instead  of 
the  angles  themselves.  When  the  sum  provei 
either  ^greater  m  less  than  just  the  figure,  it  will 
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not  answer  on  pap^r ;  and  as  observations  nuade  with 
small  instruments  cannot  be  expected  to  be  free  from 
perceptible  errors,  it  will  be  expedient  to  correct 
the  angles  by  adding  or  subtracting  such  defect  or 
excess  to  or  from  all  the  angles^  in  proportion  to 
#their  magnitude,  or  more  readily  in  equal  proportions 
among  them. 

This  way  of  measuring  is  much  used  in  America^ 
by  the  measuring  wheel  and  mariner^s  cpmpass,  and 
is  applicable  to  extensive  woody  or  mountainous 
tracts  of  land,  where  great  accuracy  is  not  required. 
It  may  also  be  used  in  conjunction  with  other  me- 
thods, for  delineating  a  «ea-coast,  &c« 

The  following  example  w^l  shew  how  you  m|iy 
obtain  the  contents  of  the  field. 

Example^  In  surveying  the  field  ABCDE,  plate 
15,  Jig.  5,  I  observed  at  A  the  angle  FAE  to  be 
*  IMS',  at  B  the  angle  CBG  was  69°  30',  at  C  the 
angle  ACB  was  39°  7',  and  the  angle  ACD  78^  35' ; 
at  D  the  angle'  EDH  was  SS""  40',  and  at  E  the 
angle  CEA  54°  20' ;  the  side  AB  measured  194Q 
lines,  BC  1555,  CD  2125,  DE  274 1,  and  EA  l624. 
We  have  now  to  find  the  area  of  the  field. 

Subtract  the  angle  CBG  69""  30'  from  ISO"",  and 
you  have  the  angle  CBA  llO''  36';  to  which  if  you 
add  the  angle  ACB  39^^  7^  ^^^  subtract  this  sum 
from  180,  you  obtain  the  angle  CAB  30°  23\  We^ 
find  by  trigonometry  AC  to  be  288  links.  Tthe, 
sum  of  the  angles  EAF  and  CAB^  taken  from  180V 
gives  the  aflgle  EAC  98"*  24^      Laatlyj,  subtract 

f  f  4 
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the  angle  HDE  from  1 80>  and  you  get  angle  EDC 

Then,  by  the  preceding  problem,  in  the  triangle 
ABC  we  obtain  from  the  two  sides  AB,  BC,  and 
the  included  angle  ABC,  the  double 

area       -         -         -         -         -         -       28256  8 

In  the  triangle  EAC,.  from  the  sides  AC, 

AE,  and  the  angle  EAC  .        •      4625146 

In  the  triangle  EDC  from  the  sides  DE, 

DC,  and  angle  EDC      .        .        -      582304? 

2)  13273851 

Area  66.3962S 
Answer^  66  acres,  I  rood,  19  perches. 

If  the  angles  had  been  measured  with  a  man- 
ner's compass,  they  must  have  been  arranged  in  a 
traverse  table  similar  to  plane  sailing  in  navigation, 
and  the  content  foi^nd  by  the  method  shewn  in  m^ 
'Geometrical  and  Graphical  Essays^  8vo. 


Problem  vi.  Tojind  the  altitude  and  height  ofjivir 
halls^  and  other  meteors^  in  the  atmosphere. 

Though  the  extreme  velocity  and  transient  natut 
of  fiery  meteors  in  the  atmosphere,  in  a  great  mea- 
sure prevents  the  making  of  such  observations  ^ai 
Qiight  tend  to  ascertain  their  distance^  yet  they 
form  a  subject  of  inquiry  so  curious  and  interest* 
ipg,  as  renders  such  as  can  be  made  of  great  value* 
Aa  observer,  vrho  ^roeivea  an  appearance  of  tl^s 
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kind^  ought  carefully  to  note  the  buildings,  trees, 
stars,  &c.  near  which  it  passes .;  and,  as  soon  after- 
wards as  convenient,  take  their  altitude  and  bearingi. 
If  two  such  observations  be  taken  by  persons  at 
different  places,  sufficiently  distant  from  each  other,  ' 
the  distance  on  the  earth  may  be  considered .  a»  > 
the  base,  and  from  this  and  the  two  observed  angles 
the  height  of  the  meteor  may  be  found  by  Problem  ii. 
By  observations  of  this  kind  it  has  been  found, 
that  the  larger  fire-balls  are  elevated  about  6o  miles 
above  the  earth's  surface,  and  that  some  of  them  are 
near  five  miles  in  diameter. 


Probuem  VII.    To  find  the  height  oj  a  cloud  hy  oh^ 


servation  of  afiasK  of  light nin 


g' 


If  the  altitude  of  that  part  of  a  cloud,  from 
which  a  flash  of  lightning  has  issued,  be  imme- 
diately  taken  with  the  quadrant,,  and  the  number 
of  seconds  of  time  elapsed  between  the  instant  of 
the  flash,  and  the  first  arrival  of  the  thunder  be 
reckoned,  these  data  will  be  sufficient  to  determine 
the  height  of  the  thunder  cloud.  For  sound  is 
admitted  to  pass  through  1142  feet  in  a  second ^ 
but  light  has  such  an  extreme  velocity,  that  }$, 
passes  through  thirty-five  thousand  miles  in  a  sesr 
cond^  and  may  therefore  be  reckoned  instantane?' 
oos  in*  all  observations  upon  the  earth,  ^  Hence  it 
follows^  that  thft  number  of  seconds  observed,  m\ih 
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tiplied  by  1142,  will  give  the  distance  of  the  cloud 
in  feet ;  and  ' 

As  radius 

Is  to  the  sine  of  the  observed  angle ; 

So  is  the  distance  of  the  cloud 

To  its  height* 

Example.  Suppose  the  angle  of  elevation  CAB, 
flate  1  ^ijig'  6,  from  which  a  flash  of  lightning  is- 
sued, was  53°  8',  and  that  between  the  flash  and  the 
report  of  the  thunder  5  seconds  were  counted  ;  then 
1142  feet  multiplied  by  5  gives  57 10  feet  for  the 
distance  of  the  cloud . 

And  as  radius  or  sine  ot  90^  lO.OOOOOOO 

Is  to  the  sine  of  the  observed  angle  x 

SS'^  8'  •  .  -  -  -       9.903IO84 

So  isthedistanctfofthe  cloud  $710        3.7566361 


To  its  height  4568  feet    . 


«.6597445 


Or  by  construction*  From  a  point  in  any  right 
line,  draw  another -right  line,  forming  the  observed 
angle.  Set  off  on  this  left  line,  from  the  angular 
point,  the  distance  of  the  cloud,  td:ken  from  a  scale 
tof  equal  parts.  From  the  extreme  of  the  last- 
mentioned  line  let  fall  a  perpendicular  on  the  other 
4ine ;  and  this  perpendicular  will  be  the  height  xe^ 
ijuired* 

If  the  flash  of  lightning  strike  directly  down,  the 
height  of  the  cloud  will  also  be  the  length  of  the 
flash.    But  this  n  not  oftea  the  case. 
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Problem  y hi.     Tq  determine  the  height  of  q  cloud 
hy  observations  on  its  altitude  and  velocity. 

When  the  sky  abounds  with  detached  clouds^ 
moving  with  considerable  velocity,  it  is  easy  to  de- 
termine the  degree  of  swiftness,  by  observing  the 
progress  of  their  shadows  which  pass  along  the 
ground.  For  this  purpose  nothing  more  is  neces- 
sary, than  to  note  the  instants  of  time  when  one 
of  these  shadows  pai^ises  over  two  objects  ;  such  as 
hedges,  trees,  &c.  lying  in  its  direction ;  and  to 
measure  the  interval  passed  over  during^  the  inter* 
mediate  time.  When  this  velocity  is  thus  found*, 
place  the  plane  of  the  quadrant  in  the  direction  of 
the  wind,  and  setting  the  sights  to  a  considerable 
altitude,  to  be  written  down,  take  notice  of  some 
remarkable  edge  of  a  cloud,  whieh  passes  across  the 
wire  in  the  aperture  of  the  faithest  sight,  giving  na-» 
tice  at  the  same  instant  to  an  assistant  to  note  the 
time.  Then  move  the  quadrant  on  its  axis  twenty 
or  thirty  degrees,  and  give  the  like  notice  to  the 
assistant  when  the  same  part  of  the  cloud  passes  the 
wire ;  write  down  this  last  altitude.  The  perpendi^ 
ciilar  height  of  the  cloud  will  be  found  by  the  foU 
lowing  proportions : 
As  the  number    of  seconds    observed .  when   the 

shadow  of  the   former  cloud  was  seen  on  the 

ground 
1$  to  the  number  of  seconds  elapsed  between  the  two 

observations  with,  the  quadrant ; 


aCo  problems.  . 

So  is  the  distance  measured  on  the  ground, 

To    the   distance   passed   through    by    the   clond 

(whose  altitude  was  taken)  during  the  time  of 

observation. 
Then, 
As  the  sine  of  the  difference  between  the  two  al- 
titudes 
Is  to  the  sine  of  the  less  altitude ;     ^ 
So  is  the  distance  passed  over  by  the  cloud. 
To  its  distance  from  the  observer,  when  the  greater 

altitude  was  taken. 
And  lastly. 
As  radids 

Is  to  the  sine  of  the  greater  altitude ; 
So  is  the  distance  last  fciind^ 
,    To  the  perpendicular  height  of  the  cloud. 

Example.     The  shadow  of  a  cloud  was  observed 

,  to  pass  over  1 230  yards  in  50  seconds ;  its  altitude 

at  that  instant  was  41  degrees ;  three  minutes  after, 

its  altitude  was  1 1  degrees  37  minutes :  to  find  its^ 

height. 

Now  the  spaces  described  by  bodies  moving 
with  equal  velocity,  are  as  the  times  of  description ; 
'therefore,  by  the  first  part  of  the  rule,  as  50  se- 
conds to  180  seconds  so  is  1230  yards  to  4428  yards, 
the  distance  passed  over  by  the  shadow  during  the 
observation; 

But  the  progressive  motion  of  the  shadow  from  B 
to  C,  plate  lb  %  fig*  7f  during  the  elapsed  time,  be- 
tween the  observations,  is  the  same  as  if  the  ob- 
server had  moved  in  the  same  time  from  B  to* 
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wards  A  ;  or  the  effect  would  be  exactly  the  eame  if 
«n  observer  at  A  took  the  less  altitude^  while  ano- 
ther at  B  took  the  greater  altitude  at  the  same  instant* 
Hence  the  second  part  of  the  rule  is  evident ;  for 
ADE  is  the  complement  of  the  less  angle^  and  BPE 
that  of  the  greater.  The  difference  of  these  com- 
plements is  equal  to  the  angle  ADB ;  but  the  dif- 
ference of  the  complements  must  be  equal  to  thf 
difference  of  the  altitudes ;  therefore,  by  the  second 
part  of  the  rule. 

As  the  sine  ADB  of  the  difference  be- 
tween the  two  altitudes  29°  38'  9.6907721 
Is  to  the  sine  of  the  less  altitude  DAB 

11°  37' 9-3039794 

^o  is  the  distance  AB  passed  over  by 

the  cloud  4428  yards  .        «        -       3.6462076 


I2.950I870 
9.6907721 


To  its  dirtanlie  at  the  time  of  the 

greatei^  altitude  BD  I817.2  yards  3.2594043 

Lastly,  by  the  last  part  of  the  rale,  see  likewise 

Toile  to  Problem  viii.               '  • 

As  radius  sine  of  90             -            -  10. 

Is  to  sine  of  greater  altitude  41         -  9.8190439 

So  is  the  distance  BD  I8I7. 2        -  3.2594049 


To    the   perpendicular  height  D£ 

1192.3  yards        ~  ^  ^      3.0763478 


[     4ft2     ] 


r«INriFli«£ft  AND  PROBLEMS  PREPARATORY  TO  THE 
APPLICATION  OF  THE  INSTRUMENTS  TO  PRACTICAL 
ASTRONOMY. 

By  practical  astronomy,  is  understo6d  the  know- 
Ie4ge  of  observing  the  celestial  bQaies,  with  respect 
to  their  position  and  time  of  the  year,  and  of  deduc- 
ing  from  these  observa^tions  certain  conclusions,  use- 
ful  in  calculating  the  time  when  any  proposed  pro- 
position of  these  bodies  shall  happen. 


OF  THE  TERRESTRIAL   LATrTUDfi. 

1  he  latitude  of  ahy  place  is  equal  to  the  elevation 

* 

^f  the  pole  of  the  equator  above  that  place. 

The  distance  between  the  zenith  and  the  hori- 
zon, anji  that  between  the  pole,  is  equal,  for  each 
of  a^em  are  90  degrees.  If,  therefore,  we  take 
away  the  distance  of  the  zenith  from  the  pole, 
which  is  commop  to  botJb^tthj^ireinaiij^^^rp  tjiat  is,  the 
elevation  f>f  the  pole,  or  la^ij^cji^  of  the  pl^c^^is  equal 
to  the  distance  from  the  zenith  to  the  equator. 
.,  The;  dis^nce  frojj;^  the  ^mthj:p  jt^e  pple , is  equal 
to  the  complement  of  the  latitude  to  ^O.  dfiigrces. 

The  inclination  of  the  equator  tp  th^  horizon,  ^s 
^aliio,^Hal  to  the  complei|}ent  q£  tlje  latitude  to  9p 

*  In  plate  3,  Jig.  f^  P^rfp.reseals  the  pok,  EQ  the  equator,  HO 
the  horizon,  PH  the  elevation  ot  the'  pole,  Z  the  zenith,  "HZO,  or 
the  visible  part  of  "the  hfavenfe,  containB  twice '"90,  ^or  ISS  degrees  s 
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All  those  Stars  that  are  not  further  from  the  pole 
than  the  latitude,  are  called  circumpolar  stars. 

If  the  greatest  and  less  altitudes  of  a  circumpolar 
star  be  determined  by  observation,  half  the  sum  gives 
you  the  latitude  of  the  place. 

The  complement  of  the  meridian  altitude  of  a 
star  is  its  zenith  distance ;  and  this  is  called  north 
or  south,  according  as  the  star  is  north  or  south  at 
the  time  of  observation. 

The  latitude  of  a  place  is  equal  to  a  star's  meridiaii 
zenith  distance  ^dded  to  the  declination,  if  the  star 
passes  between  the  zenith  and  the  equator.  In 
all  other  cases,  the  latitude  is  the  difference  betweea 
the  meridian  zenith  distance  and  the  declination  of 
the  star. 

Ihe  greatest  declination  of  the  sun,  is  equjal  t9 
the  inclination  of  the  ecliptic  to  the  equator. 


it  being  90  degrees  from  Z  to  H,  and  90  degrees  from  Z  to  Os 
but  it  is  al$o  90  frwn.  the  pole  P  to  £  the  equator.  If  you  take  away 
VE,  th«re  rcniains  90  degrees  for  the  other  two  arcs.  In  other  words, 
the  elevation  of  the  pole  and  the  elevation  of  the  equator  are  together 
equal  to  90  degrees;  i.e,  in  technical  terms,  the  elevation  of  the 
pole  is  the  complement  of  the  elevation  of  the  equator  to  90  degrees* 
Hence  one  bei^g  known  and  subtracted  from  90,  gives  th^  other. 

Hence  also  it  is  clear,  that  the  elevation  of  the  equator  is  equal  to 
the  distance  of  the  pole  from  the  zenith,  both  being  equal  to  the  dis* 
ta  nee' of  the  pole  from  90  degrees. 

Hence  also  the  distance  of  tiie  equator  from  the  zenith  is  equ^l  to 
ilie  el^vaiiofi  of  the  poJe«  or  latitude  of  the  place  ;  for  HZ  is  equal  to 
90^  and  PE  is  equal  to  90 ;  take  away  PZ,  common  to  both,  and  ihe 
remainders,  PH,  ZE  must  be  equal. 
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Ihje  inclination  of  the  equator  to  the  ecliptic 
is  equal  to  half  the  difference  between  the  sun's 
meridian  altitudes  on  the  longest  and  shortest 
days. 

"^  The  latitude  of  the  place  and  the  zenith  distance  of 
a  star  being  given,  to  find  the  declination  oftk 
star. 

m 

1.  When"  the  latitude  of  the  place  and  zenith  dis- 
tance are  of  different  kinds^  that  is,  one  north  and 
theqther  south,  their  difference  is  the  declimition; 
but  it  is  of  the  same  name  with  the  latitude,  when 
that  is  the  greater  of  the  two  ;  otherwise  it  is  of  the 
contrary  kind. 

2.  When  the  latitude  and  zenith  distance  are  of 
the  same  kind,  ^hat  is,  both  north  or  both  south, 
their  sum  is  the  declination,  and  it  is  of  the  same 
kind  with  the  latitude. 


OF   CELEjgTIAL   LONGITUDE,   LATITUDE,  &C. 

It  has  bieen  already  observed,  that  in  order  ta 
measure  and  estimate  the  motion  of  the  sun  and 
stars,  it  was  necessary  to  fix  on  some  point  in  the 
heavens,  to  which  their  motions  might  be  referred. 
The  vernal  equinoctial  point  is  that  point  from 
which  astronomers  reckon  what  is  called  hnigitui^ 
in  the  celestial  sphere.  The  ecliptic  is  divided  into 
twelve  signs,  of  30  degrees  each,  with  whose  nainci 
and  characters  you  are  acquainted.     Astronomer* 
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r 

begin  at  the  first  poiut  of  Aries^  and  reckon  from 
west  to  east. 

Celestial  longitude  is^  therefore^  the  number  of 
degrees  on  the  ecliptic  contained  between  the  first 
point  of  Aries  and  any  celestial  object,  or  between 
the  first  point  of  Aries  and  a  circle  passing  through 
the  object  perpendicular  to  the  ecliptic/  Thus  if  y 
C,  plate  1 5,  Jig.  8,  represents  the  ecliptic,  and  7^ 
the  first  point  of  Aries,  and  any  star  be  at  S  on  the 
ecliptic,  or  at  s  on  a  circle  p«S,  perpendicular  to,  the 
ecliptic,  then  will  the  arch  Tf  S  be  the  longitude  of 
the  stars  *,  S. 

The  latitude  of  a  celestial  object  is  its  distance 
from  the  ecliptic,  reckoned  on  a  circle  perpendicular 
thereto.  Thus  a  star  at  s,' plate  lb ,  Jig.  8,  will  have 
for  latitude  the  arc  S^ ;  but  placed  at  S  on  the  eclip- 
tic, it  will  have  no  latitude. 

As  the  diurnal  motion  is  in  the  direction  of  the 
equator,  astronomers,  to  facilitate  both  observation 
and  calculation,  found  it  necessary  to  determine  the 
situation  of  celestial  bodies  with  respect  to  *  this 
circle,  which  is  effected  by  determining  their  right 
ascension  and  declination.  Right  ascension  and  d^ 
clination  are,  with  respect  to  the  equator,  whisit  lon^^ 
gitude  and  latitude  are,  with  respect  to  the  ecliptic/ 
Thus  if  T  Q  repihesent  the  equator,  smd  X  the  first 
point  of  Aries,  then  will  T  E  be  the  right  ascension 
of  a  stai*  situated  at  £  on  the  equator,  or  at  e  in  a 
circle  e£  perpendicular  thereto ;  the  star  at  E  will 
have  no  declination,  but  that  at  e  is  measured  by  the 
acreh  e£. 

e  u 
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GENERAL   OBSERVATIONS. 

To  fix  your  attention  with  greater  certainty  to  the 
objects  of  research,  it  may  be  proper  to  observe,  that 
as  practical  astronomy  consists  in  determining  the 
position  of  celestial  objects  for  a  given  instant,  jt  may 
be  reduced  to  three  things : 

1.  The  knowledge  of  the  obliquity  of  the  ec- 
liptic. 
'    2.  The  measure  of  time. 

3.  The  right  ascensions  and  declinations  of  the 
stars,  &c. 


y 


OF  THE  OBLiaUITY   OF  THE   ECLIPtlC* 

The  obliquity  of  the  ecliptic  is  a  very  important 
element  of  astronomy,  because  it  enters  into  the  cal- 
culatioo^of  all  spheric  triangles  where  the  ecliptic  and 
equittor  are  concerned. 

Th^  obliquity  of  the  ecliptic  being  equal  to  the 
8iui*S  gr^test  declination,  i.e.  when  in  the  tropics, 
the  pbliquity  may  be  ascertained  by  observing  the 
meridian  height  of  the  sun's  centre  on  one  of  the 
solstitial  days ;  and  this  quantity  taken  from  the 
height  of  the  equator,  at  the  place  of  observation^ 
gives  the  declination  of  the  tropic.  Or,  more  accu- 
rately, observe  the  pun's  meridian  altitude  in  each 
tropic :  this  will  give  their  distance,  half  of  which 
is  the  distance  of  each  tropic  from  the  equator. 
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that  is^  the  obliquity  of  the  ecliptic.  From  good 
observations,  made  in  1 77^^  ^^^^  obliquity  was  found 
to  be  23"^  28\ 


OF  THE   MEASURE  OF  TIME* 

All  astronomical  observations  .depend  on^  or 
have  a  reference  to,  time.  To  measure  this  with 
accuracy,  is  one  of  the  primary  objects  of  an  astro- 
nomer. 

As  the  diurnal  revolution  of  the  earth  is  found  to 
be  uniform,  they  have  taken  this  for  the  measure  of 
time,  comparing  it  with  the  sifn.  A8tronomei:s 
consider  noon  as  the  beginning  of  the  diurnal  revo* 
Intion;  or,  in  other  words,  an  astronomical  day 
commences  at  the  instant  the  centre  of  the  sun  is 
in  the  plane  of  our  meridian,  and  finishes  when 
it  has  returned  thereto,  after  one  entire  revolution. 

The  astronomical  day  begins,  therefore,  twelve 
hours  later  than  the  civil  day  of  the  same  denomi- 
nation, and  is  counted  up  to  twen^*four  hours,  or 
the  succeeding  noon,  when  the  next  day  begins. 
Thus  the  day  of  the  month,  and  the  hour  of  the  day, 
are  the  same  in  this  method  as  in  the  civil  account 
at  noon,  and  from  noon  till  midnight ;  but  from 
midnight  till  noon  they  difier ;  for  in  the  civil  ac- 
count a  fresh  day  b^ins  at  midnight,  and  the  hours 
also  begin  again>  but  in  the  astronomical  method' 
the  day  is  still  continued  beyond  the  midnight. 
Hence  five  o'clock  in  the  morning  of  April  the  lOtb, 
Ls  called  by  astronomers  April  9,  17  hours. 

G  6  3 
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I 

As  the  earth  revolves  uniformly  on  its  axis,  if  it 
had  no  real  annual  motion,  and  consequently  the 
sun  no  apparent  anaual  motion^  or  if  this  motion 
was'  uniform,  the  days  would  be  all  necessarily  of 
one  length,  and  that  would  be  about  23  hours  56 

4 

minutes,  for  in  that  time  a  diurnal  revolution  of 
the  earth  is  completed,  as  appears  by  an  easy  ob- 
servation :  for  any  fixed  star  that  is  on  the  meri^ 
dian  at  a  ,giveii  hour  of  the  iuight,  will,  after  23 
hours  56  minutes,  be  on  the  meridian  again  the 
night  following.  This  interval  of  ti^eis  called  a 
siderial  day. 

But  accurate  observations^  have  shewn,  ^that  the 
solar  days  are  not  equal  to  each  other,  and  that  the 
time  which  elapses  between  the  sun*s  being  on 
the  meridian  of  any  place,  and  its  return  thereto 
again,,  is  considerably  longer  sometimes  than  at 
others. 

Hence  astronomers  have  been  obliged  to  distin- 
guish  two  sorts  of  time;  one  they  call  apparent^ 
the  other  mean  time. 

Apparent  time,  called  by  foreign  writers  tirut 
time,  is  that  determined  immediately  from  the  sun, 
by  observing  when  his  centre  transits  the  meridian, 
which  is  at  the  instant  of  apparent  noon,  when  a 
new  astronomical  day  commences. 

Mean  time  is  that  which  would  be  observed  every 

May,  if  the  apparent  diurnal  motion  of  the  sun  was 

tegular ;  or  that  shewn  Jby  good  clocks  or  watches, 

which  go  uniformly.    The  meaa  day  of  24  hours^ 
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pointed  out  by  these/must  necessarily  be  always  of 
the  same  length. 

'  The  inequality  in  the  length  of  the  natural  days 
is  termed  the  equation  of  time.  Now  as  astrono- 
mical tables  can  only  be  calculated  to  mean  or 
uniform  time^  the  proper  results  from  an  observation 
cannot  be  obtained^  till  the  observed  or  apparent 
time  is  reduced  to  mean  time  ;  for  which  purpose 
proper  tables  are  calculated,  called  tables  of  the 
eqjuation  of  time. 

These  are  inserted  on  the  second  page  of  every 
month  in  the  Nautical  Almanack,  for  the  noon  of 
each  day  at  Greenwich.  It  is  marked  subfractive, 
M^hen  the  siin  comes  to  the  meridian  sooner,  and  ad-- 
ditive^  when  it  comes  to  the  meridian  later  than  the 
time  of  mean  noon ;  that  is,  the  quantity  given  by 
the  table  \%  to  be  subtracted  from  apparent,  in  order 
to  obtain  mean  time,  in  the  first  case,  and  added  to 
it  in  the  second. 


OF  CORRESPONDING  OR  EAUAL  ALTITUDES. 


At  equal  distances  from  the  meridian,  a  star  has 
equal  altitudes.  If,  therefore,  equal  altitudes  of  an 
heavenly  body  be  taken  on  different  sides  of  the  me- 
ridian,  the  middle  point  of  time  between  the  obser- 
vations will  give  the  time  when  the  body  is  upon  the 
meridian,  if  it  has  not  changed  its  declination.  By 
this  mfeans  the  time  when  any  body  comes  to  the 
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OF  THE   STARS, 


meridian  may  be  ascertained  ;  and  when  applied  to 
the  sun^  or  a  fixed  star,  the  rate  at  which  a  clock 
(adjusted  to  the  mean  solar  or  siderial  time)  gains  or 
loses  may  be  determined  .with  accuracy. 

The  method  of  ascertaining  time  by  equal  alti- 
tudes is  universally  used  by  practical  astronomers, 
because  it  depends  neither  on  an  accurate  know* 
ledge  of  the  latitude^  nor  on  that  of  the  declination ; 
for  these  elements  are  only  necessary  in  taking  out 
the  equation  of  declination,  and  any  probable  er- 
ror therein  will  not  sensibly  affect  that  equation; 
neither  does  it  depend  on  the  exact. quantity  of  the 
altitude,  provided  only  it  be  the  same  in  both  ob- 
serviaitions, 


OF  THE  BIGHT  ASCENSION  AND   DECLINATION  OF 

THE  STARS. 

The  declination  of  stars,  &c.  is  easily  found  by  ob- 
serving their  meridian  altitudes ;  and  their  right 
ascension  is  also  easily  attained  by  knowing  how  to 
measure  time. 

For  as  all  stars  in  the  same  circle  of  declination 
have  the  same  right  ascension,  it  follows,  1st,  That 
lall  stars  passing  at  the  same  time  through  the  same 
meridian,  have  then  the  same  right  ascension.  Sdly, 
The  right  ascension  of  stars  pas3ing  th^  meridian  at 
different  times,  difier  in  proportion  to  the  intervals 
of  the  times  of  their  passage. 

Example.  The  stars  make  a  revolution  in  23^  56'4" 
mean  tjme.     If,  therefore,  by  a  clock  regulated  to 
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mean  time^  and  an  instrument  fixed  in  the  plane  of 
the  meridian,  or  by  corresponding  altitudes^  or  other- 
wise^ a  star  be  observed  to  pass  the  meridian  one 
hour  after  the  other ;  say  as  23*^  56'  4'',  the  time  of 
one  revolution^  is  to  3 60^  of  the  equator  passed  over 
the  meridian  in  the  same  time,  so  is  one  hour,  the 
difference  between  the  transit  of  the  stars,  to  J  5°2'28", 
difference  between  their  right  ascensions  ;  than  the 
right  ascension  of  one  being  known,  the  other  i% 
also  known. 

Whence  it  follows,  that  to  determine  the  right 
ascension  of  any  star,  or  even  of  all  the  stars,  it  is 
sufficient  to  know  the  right  ascension  of  one  star 
only,  and  to  have  a  clock  which  shews  an  equal  in- 
terval of  time  for  the  diurnal  revolution  of  the  several 
different  fixed  stars. 

I 

Problem  n.    To  reduce  the  degrees  of  the  equator 
intq^time,  and  time  into  degrees  of  the  equator. 

1.  To  reduce  degrees  into  time^  multiply  by  4; 
observing  that  minutes,  when  multiplied  by  4,  pro- 
duce seconds,  and  degrees  produce  minutes. 

Reduce  23^  i&  into  time. 

23"  66' 


1*^33'  44'' 


6G  4 


473  OF  REDUCTION   FROM 

Beduce  69*  30'  45"  into  time. 

4 

\\  I    I     K  II 


4^  37'  23"  OO*^''^'' 


\     • 


2-  To  reduce  time  into  degrees,  multiply  by  10 
in  a  similar  manner,  an^  increase  the  produce  one 
half,  or  divide  the  time  by  4. 

ReduceJ^33'44"  into  degrees. 

1^  33'  44'" 
10 


15  37  20 
Half  7  48  40 


Degrees  23  26    O 

Reduce  4''  37'  23"  to  d^reea. 

10 


If 


46  13  50 
Half  23     6  55 


Degrees  69  20  45" 


OF   REDUCTION   FROM   ONE    MERIDIAN   TO   ANOTHEK. 

As  all  the  heavenly  bodies  rise,  culminate,  and 
set,  sooner  to  those  who  are  towards  the  east,  and 
later  to  those  who  are  towards  the  west,  and  as  all 
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tables  HtkA  calculations  in  England  for  astronomy  and 
navigation  are  adapted  to  the  meridian  of  Green- 
wich^ it  is  necessary  for  those  who  may  be  under  any 
other  meridian^  to  be  able  to  find  the  time  at  Green- 
wich corresponding  to  that  pointed  out  by  their  own 
clocks  ^nd  watches. 

Without  this  reduction  no  calculations  can  be 
made  from  such  tables,  or  from  the  various  articles 
contained  in  the  Nautical  Almanack,  relating  to  the 
longitude,  right  ascension  and  declination  of  the 
sun,  the  equation  of  time,  moon's  motion,  &c.  so  as 
to  adjust  them  to  any  other ,  meridian  than  that  for 
which  they  were  made. 

To  find  the  time  at  Greenwich  corresponding  with 
any  given  time  under  another  meridian. 

1.  Find  the  difference  of  longitude  betweien  the 
two  meridians,  or  how  much  the  given  place  or  me- 
ridian is  to  the  east  or  west  of  Greenwich,  and  reduce 
this  difference  to  time,  by  the  foregoing  rule. 

2.  If  the  given  place  be  east  of  Greenwich,  sub- 
tract the  difference  of  meridians  from  your  time ;  if 
it  be  west,  add  the  difference  to  your  time.  The  re- 
sult will  give  the  time  it  then  is  at  Greenwich. 

N.B.  The  time  being  given  at  Greenwich,  the 
corresporfding  time  under  any  other  meridian  is 
found  by  reversing  this  rule. 

Example*  What  is  the  time  at  Greenwich,  when 
it  is  8^  \f  19'^  at  Jerusalem,  36'  30''  east  of  Green- 
wich, or  in  time  2^  21'  23'"  ?  Answer^  b^  55  b2'\  ^ 


4/4  or  REDUCTION   FROM 

Required  th^  time  at  Greenwich,  when  it  is 
fli^  32'  If  at  Boston,  on  the  12th  of  June  •,  Boston 
being  4^  42'  29''  west  ?  Answer,  28^  14'  4fi",  or 
4^  14'  46"  P.M.  on  the  13th  of  June. 

What  is  the  time  at  Jerasalem,  when  it  is 
211^  49'  17'',  on  the  9th  of  September  at  Green- 
wich? Answer,  24^  lo'  3f\  or  O^  10' 37"  on  the 
10th  of  September.  . 

Again,  required  the  time  at  Boston,  when  it  ij 
3^  37'  O '  on  the  1st  of  May  at  Greenwich  ?  Jnsm, 
22^  54'  31''  of  the  last  day  of  the  preceding  month, 
or  10^  54'  31"  of  civil  time,  on  the  morning  ofde 
1st  of  May. 

N.  B.'  To  know  the  time  at  Paris,  Genoa,  &c. 
when  it  is  any  given  time  where  you  are,  take  the 
difference  between  your  meridian  and  that  of  Paris, 
&c.  and  then  proceed  as  in  the  foregoing  rule. 


Tojind  any  of  the  motiom  of  the  sun  or  pknets,  th 
equation  of  time,  right  ascension,  declination^  sem- 
diameter,  and  parallax  of  the  moon;  also  themm'^ 
distance  from  the  stars,  Jor  any  given  time,  ud^ 
any  other  meridian^ 

Rule.  1st,  Find  by  the  preceding  problem,  the 
time  at  Greenwich  which  corresponds  to  the  time 
under  the  given  meridian.  2dly,  Take  the  daily,  the 
half  daily,  &c.  (according  to  the  interval  for  which 
you  are  to  calculate)  variation  from  the  NauticJ 
Ephemeris,  and  by  even  proportions  find  the  time 


ON£   MERIDUN  TO  ANOTHtR.  475 

that  corresponds  to  the  interval  between  this  time^ 
and  that  given  in  the  Ephemeris.  Sdly,  Add  or 
subtract  this  variation  according  as  the  motion  is 
increasing  or  decreasing. 

Mxample.  What  is  the  sun*s  declination  at  Green- 
wich, March  27,  1790,  at  9*».  The  reason  why 
Greenwich  is  mentioned,  and  not  any  other  place,  is^ 
because  the  time  at  whatever  place  you  may  want 
the  declination,  is  supposed  to  be  already  reduced  to 
that  of  Greenwich,  as  the  first  step  to  be  attended  to 
in  all  such  problems. 

March  38,    Declination  ^t  nOoa      3""  10'  47"  N. 
March  27.     Ditto         Ditto  2    47  23 


Variation   of   declination    in    24 

hours     <-         .         *         -         .      O    23  24 


Variation  in  9  hours,  by  proport.      O      8  46 
Which,  added  to  declination      -      2    47  23 

I      111   iMii  m 

Gives  the  required  declination     -*      2    56    9 

Example.    Required  the  8un*s  declination  1 790^ 
August  24,  2^  57'  at  Greenwich  ? 

August  24.     Declination  at  noon     10^  ft8'  59'' 
August  25.        Ditto        Ditto        10    38  1 6 


Variation  in  24  hours         -        •  O  20  43 

Variation  in  2  hours  57  minutes  O  2  SQ 

Which  subtracted  from      •        -  10  58  59 

Gives  the  declination  required     -  10  56  23 
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Problem  x.  To  Jind  at  what  time,  by  a  clock 
keeping  mean  time,  any  fixed  star  will  be  on  the 
meridian  on  any  given  day* 

The  right  ascension  of  the  stars  being  reckoned 
on  the  equator,  they  pass  the  meridian  successively 
in  times  proportional  to  their  respective  distances 
therefrom .  The  distance  of  a  star  from  the  meridian 
is,  therefore,  nothing  more  than  its  difference  in 
right  ascension  from  the  sun  reduced  to  time ;  from 
whence  it  is  plain,  that  to  frnd  the  tinie  when  any 
star  comes  to  the  meridian,  you  must  subtract  the 
right  ascension  of  the  sun  at  noon  from  that  of  the 
"  star  ;  the  difference  is  the  time  required. 

This  simple  calculation  would  be  sufficient  in  ge- 
neral for  finding  the  time  when  a  star  transists  the 
meridian,  if  it  always  preserved  the  same  difference 
in  right  ascension  from  the  sun :  but  the  sun,  by  its 
diutnal  acceleration,  approaches  the  star  insensibly ; 
and  will  consequently  pass  the  meridian  sooner,  by  a 
*  quantity  proportional  to  this  acceleration,  and  its 
distance  from  the  sun.  It  is  therefore  necessary  to 
subtract  from  the  quantity  first  found  lanother  small 
quantity,  that  may  be  ascertained.  Hence  the  fol- 
lowing 

Rule.  Take  the  difference  between  the  sun  s  and 
planet's  motion,  in  right  ascension  in  24  hours,  if 
the  planet  is  progressive ;  or  their  sum,  if  retrograde : 
then  say. 


\ 
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As  24  hours^  diminished  by  this  sum  or  difference, 
when  the  planet's  motion  is  greater  than  the  sun's, 
dr  increased  by  it^  when  the  sun's  motion  is  the 
greater. 

Is  to  24  hours. 

So  is  the  difference  between  the  sun's*  and  planet^s 
right  ascension  at  noon  to  the  time  required. 


Tor  a  Star. 

Take  the  increase  of  the  sun's  right  ascension  in 
S4  hours,  and  add  to  it  24  hours ;  then  say. 
As  this  sum  , 

Is  to  24  hours, 
So  is  the  difference  between  the  sun's*  and  star's 

right  ascensi6n 
To  the  time  required. 


Examples. 

On  July  1st,  1767,  the  sun's  right  ascension 
when  on  the  meridian  of  Greenwich,  was  &^  40'  25"; 
and  on  July  2d,  it  was  6^  44'  33^' :  also  the  moon's 
right  ascension  was  159°  2  ;  and  on  July  2d,  it  was 


*  In  the  latter  part  of  both  these  rules^*the  sim's  right  aseeusion  is 
to  be  taken  froin  the  planet's  or  star's  right  ascension ;  anil  if  their 
right  ascensions  should  be  less  than  the  sun's,  they  mu^t  be  increased 
ky  94  hours,  before  you  subtract. 
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1^9^  39'.     Required  the  time  of  the  moon's  passage 
over  the  meridian? 


Sun's  0*s  R.  A.  July  1,    6^  40'  25 

2,     6    44    33 


Daily  increase    0      4      8 

MoorfsJ's  R.  A.  159^  2^      lOh  36'    8" 

16939       11    18  36 


«M 


Daily  increase    O    42  28 
Moon's  motion  in  24  hours    42'  28^ 
Sun's         -        -        -        -      4    8 


Difference    38  20 


Sun's  R.  A.  at  noon    -  '  6^  4o'  25" 
Bfioon's  R.  A.  at  noon  10    36     8 


Difference    3    55   43 
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As  24«»  38'  30"=3Sh  31'  40"  :  34  : :  Sh  55'  43" 

60  60 


1401 
60 

335 
60 

84100 

14143 
24 

56573 
38386 

»^"»  )^l^(^'  »V 

' 

3032  . 
60 

"•«»  )\llt^  - 

13720 

60 

y 

-«2)"rC» 

66300 


Answer,  4i,  3'  9",  the  time  required. 
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At  what  time  will-the  star  Arcturus  come  to  the 
meridian  of  Greenwich  on  the  1st  of  Sept.  1787  ? 

Sun's  R.A.  1  Sep.  10^  41"  59"  Star's  R.A.  14^  6'   6" 
-     •     2  10  45  37  .     .     10  41  59 


Inci-ease  in  24^  o    3  38  Diff.     3  24     1 

As  24^  3  38 ' :  24>»  : :  3ii  24'  1"  :  3'  23'  31'',  the  time 
required. 


Problem  xi.  Tojind  the  altitude  of  the  sun,  or  any 

other  telestial  body. 


^ 


This  consists  in  the  simple  application  of  the 
quadrant  to  a  celestial  body,  in  the  same  manner 
as  I  have  already  shewn  with  respect  to  terrestrial 
objects. 

The  quadrant  being  adjusted  as  it  should  be  in 
all  cases  previous  to  its  usfe,  the  celestial  body  must 
be  viewed  through  the  sights,  and  the  plumb-line 
will  shew  its  altitude  on  the  graduated  limb  of  the 
instrument. 

If  the  observation  be  made  on  the  sun,  the  dark 
glass  must  be  used  to  defend  the  eye,  or  the  lumi- 
nous spot  formed  by  the  small  hole  must  be  made  to 
fall  on  the  centre  of  the  cross  immediately  beneath 
the  eye-hole. 

The  sun  having  no  visible  point  to  mark  out  its 
centre,  you  must  take  the  altitude  either  of  the  up- 
per or  lower  limb.  If  the  lower  limb  be  observed,  yoi| 
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mu^  add  the  sun's  semidiameter  thereto^  in  order  to 
find  the  altitude  of  the  sun*s  centre.  If  the  altitude 
of  the  upper  limb  be  observed,  the  seniidiameter  must 
be  subtracted.  The  mean  semidiameter  of  the  sun  is 
16  minutes,  which  for  common  observation  may  be 
taken  as  a  constant  quantity,  for  the  greatest  devia- 
tions from  this  quantity  scarcely  exceed  a  quarter  of 
a  minute.  "When  greater  accuracy  is  aimed  at,  the 
semidiameter  may  be  taken  from  the  Nautical  Alma- 
nack. The  observed  altitude  of  the  sun^s  lower  limb 
being  18°  41',  add  thereto  16  min.  for  the  sun's  scr 
midiameter,  and  you  obtain  13^  57^  the  central 
altitude. 

The  apparent  altitudes  of  all  the  heavenly  bodies 
are  increased  by  refraction,  except  when  they  are 
situated  in  the  zenith.  An  observed  angle  of  a  star, 
or  any  other  object  in  the  heavens,  must  be  dimi- 
nished a  small  quantity,  to  be  taken  from  the  table 
of  refractions. 

Where  greater  exactness  is  required,  a  small  quan- 
tity is  to  be  added  to  the  error  occasioned  by  paralr 
lax,  or  the  difference  between  the  altitude  of  an  ob- 
ject as  seen  from  the  centre  and  the  surfiice  of  the 
earth.  1  hat  from  the  centre  is  the  true  altitude,  and 
the  greatest,  except  at  the  zenith,  where  parallax  va- 
nishes ;  consequently  the  apparent  altitude  of  the 
sun  is  to  be  augmented  by  a  small  quantity  takfen 
from  the  table  of  the  sun's  parallax. 

June  6,  1788,  the  apparent  altitude  of  the  aunV 
lower  limb  was  observed  to  be  Si""  19' ;  required  the 

HP 


tnie  latitude  of  the  sun's  centre,  as  seen  from  the 
ceiitre  of  the  earth. 

Observed  altitude  ,  -         - 

Semidiameter     -  -        - 


Subtract  from  refraction 


62° 

19' 

16 

62 

35 

30 

62 

34  30 

•    4 

612 

34  34 

Add  for  parallax 


True  central  altitude   - 


If  it  is  a  fixed  star  that  has  been  observed,  there 
is  no  correction  for  semidiameter  or  parallax ;  you 
have  only  to  subtract  for  refractional  in  order  to  ob- 
tain the  true  altitude. 

*    Thus,  let  the  observed  altitude  of 

A  returns  be  1         -         -         38°  40' 

Subtract  for  refraction     -         -  •      1  10 


True  altitude  •         -         -  *      3»    38  50 


Problem  xii,     To  find  the  latitude  of  the  place  0/ 

observation. 

When  the  sun  or  a  star  is  nearly  on  the  meridian, 
or  a  few  minutes  before  twelve  at  noon^  take  its  alti- 
tude, and  rejlieat  this  observation  at  short  intervals  of 
time,  till  it  is  found  neither  to  increase  nor  diminish. 
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This  last  or  greatest  altitude^  is  the  meridian  aIti-> 
tude.  When  the  sun  is  the  object,  you  must  obtain 
tlie  true  central  altitude,  by  correcting  for  sem^dia- 
meter  and  refraction,  as  shewn  in  the  preceding  pro- 
blem. 

Having  obtained  the  meridian  altitude,  the  first 
object  for  consideration  is,  whether  the  latitude  be 
^orth  or  south,  and  whether  the  declination  of  the  ^ 
object  be  north  or  south.     If  the  latitude  and  decli- 
nation be  both  north  or  both  south,  they  are  said  to 
be  of  the  same  name ;  but  if  one  be  north  and  the 
other  south,  they  are  said  to  be  of  different  deoo^ 
minations.     This  being  determined  to  find  the  lati- 
tude. 

I .  Take  the  given  altitude  from  90°  to  find  the 
zenith  distance.  2.  If  the  zenith  distance  anddeciina- 
tion  be  of  one  name,  subtract  one  from  the  other, 
pad  the  differehce  is  the  latitude ;  but  if  they  h^ve 
contrary  names,  their  sum  gives  the  latitude. 

The  latitude  is  always  of  the  same  name  with  thf . 
declination,  unless  when  the  declination  has  been 
subtracted  from  the  zenith  distance. 


f I  H  S 


484  FROBLEMS^ 

Example. 

Aug.  \7i  If  76,  Cambridge.     Tlie 

apparent   altitude    of  the   sun  s 

lower  limb       -        -         -        -     53°  46' 8'^  S. 
Sun*s  semidiameter       -         -        -  ifi 


Apparent  altitude  ofthe  sun's  centre     54      2  8 
Subtract  for  refraction  -         -  41 


Real  altitude  ofthe  sun's  centre      -  54    1  27 
This  sum,  taken  from  90°,  gives  the 

zenith  distance  of  the  sun's  centre  35  58  S3 

Add  for  the  sun's  declination  -  1 6  13  57 


The  sum  is  the  latitude  of  Cam- 
bridge *         -         -         -     52  12  30 

N.  B.  The  sun's  declination,  as  found  in  the  tables, 
is  to  be  reduced  by  the  rules  given  p.  4^4,  to  the 
meridian  of  observation. 

Nov.  6,  1792,  Long.  IbS"^  W.  the  meridian  alti- 
tude of  the  sup's  lower  limb  was  observed  to  be 
87°  37'  N.  required  the  latitude  ? 
Observed  altitude  -         -         .     87''  37'  N. 

Sun's  semidiameter       -         -         -  \6 


Altitude  of  the  sun's  centre  -  -  87  53 
This  from  90,  gives  the  zenith  distance  2  7 
Declination  reduced     -         -         -     16    25  S. 


Latitude  required         ^        -         -     18    32  S. 
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Dec.  1,  1793.     The  observed  meridian  altitude 
of  Siriua  was  59^  60'  S.  required  the  latitude  ? 

Observed  altitude    -  •  -  59°  50'  S. 

Zenith  distance  -    -  -  -  30  10  N, 

Declination  of  Sirius  -  -  1 6  27  S.^ 

Latitude  required     ^  -►  -  13  4$  N. 


Problem  xiii.     To  find  the  time  hy  equal  or  cor* 

responding  altitudes. 

This  problem  is  of  extensive  use,  for  the  basis  of 
all  astronomical  observation  is  the  determination  of 
the  exact  time  of  any  appearance  in  the  heavens ; 
which  cannot  be  obtained,  unless  you  are  assured  of 
the  going  of  your  watch  or  clock.  I  have  before 
shewn  you^  that  a  mean  solar  day  is  always  consi- 
dered as  of  the  same  determinate  length ;  but  tho 
length  of  an  apparent  day  is  variable,  being  some- 
times longer,  sometimes  shorter,  than  a  mean  day. 
The  instant,  therefore,  of  apparent  noon  will  some* 
times  follow,  at  others  precede,  that  of  mean  noon.- 
^Tie  interval  between  apparent  and  m^an  tiine,  i« 
called  the  equation  of  time. 

To  find,  then,  the  time  of  apparent  noon^  observe 
the  sun's  altitude  in  the  morning,  and  also  the  tim« 
by  a  clock  or  watch.  Leave  the  quadrant  in  the  same 
situation,  taking  care  that  its  position  be  not  altered 
l>y  any  accident;  and  in  the  afternoon,  direct  it 
to  the  sun,  by  moving  the  index  of  the  horizontal 
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circle  mily^  and  observe  the  time  when  die  sdn  s  aL- 
titade  corresponds  with  that  to  which  the  qnadrant 
was  set  in  the  morning.  Add  the  times  of  obser- 
Tation  together ;  the  middle  instant  between  these 
times  of  observation  is  that  of  apparent  noon  i  this 
being  corrected^  by  adding  or  subtracting  the  eqqa- 
tion  of  time,  gives  the  time  of  true  noon.  If  it  be 
precisely  XII,  the  clock  is  right ;  but  if  it  difier,  the 
clock  is  faster  or  slower,  by  the  quantity  of  the  dif- 
ference greater  or  less  than  XII. 

Thu.,  .oppo«  the  time  ia  U«  mom- 

ing  to  be  •  »  .    3li>  35'  S" 

That  in  the  afternoon         *  -      2    55  43 

24    30  51 
The  time  of  noon  by  -  •     13    15  25^ 

Equation  of  time  /»  *  «  13     3 


/ 


Mean  noon  by  watch  -  •^     12      !2  i2i 

.  The  watch  is  therefore  2  min.  22  sec.  too  fast. 

To  be  more  particular  and  accurate.  In  our  lati- 
tude, the  altitudes  should  be  taken  when  the  sun  is 
At  least  two  hours  distant  from  the  meridian.  The 
best  time  is  when  the  sun  is  on  or  near  the  f)rimc 
vertical,  or  east  and  west  point  of  the  compass  ;  be- 
ehuse  his  motion  perpendicular  to  the  horizon  is 
greater  at  that  time. 

♦  About  this  time,  in  the  forenoon,  take  several  al- 
titudes of  tlie  sun,  writing  down  the  degrees  and  mi- 
iliitefe  shewn  'on  the  arch>  and  also  the  camct  time 


shewn  by  the  dock  af  each  observation :  the  obser- 
vations to  be  written  one  below  the  other,  in  the 
order  they  were  made ;  the  time  of  each  observation 
being  previously  increased  by  12  hours. 

In  the  afternoon^  set  the  index  to  the  same  de- 
gree  and  minute  as  the  last  observation,  note  exactly 
the  time  shewn  by  the  clock  when  the  min  is  come 
down  to  the  same  altitude,  and  write  down  the  time 
opposite  to  the  last  morning  altitude ;  proceed  iti  the 
same  manner  to  note  the  time  of  all  the  altitudes 
corresponding  to  those  taken  in  the  morning,  writing 
down  each  of  them  opposite  to  that  morning  one 
with  which  it  corresponds. 

Half  the  sum  of  any  pj^ir  of  corresponding  alti-< 
tvides,  will  be  the  time  of  noon  by  the.  watgh  u^c 
corrected.  Find  the  mean  of  all  the  times  of  noon 
'thus  deduced  from  each  corresponcjing  pair  of  obser** 
vations ;  which  correct  for  the  change  in  the  suh*s 
declination,  and  you  obtain  the  exact  time  shewn 
by  the  dock  at  solar  noon^  Thi3^  ^oprpctj^  })y .  tha 
equation  of  time,  gives  the  time  of  meai;!  nppn  ;  -  9^4 
the  watch  is  too  fast  or  too  slow,  according  as 
the  tno^  of  qoou  thus  fouod  Ia  Hiore  pv  hm  tb|ui  13 
liour^, 

JExample  I.  £qua}  aJititndefi  takm  Jtae,  1782. 


Momiaf. 

Afuunoqp.. 

atf*  55'  46" 

3^  «'  4^' 

20    57    41 

3    ^  4^ 

9Q    59    37 

3    4^ 
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Ut  pair  20*  55*  46*     2d  pair  SO"*  57"  41*  .   3d  pair  20*  50-  27* 

3     8     44  3     6     48  3     4    58 


Sum    24     4     30  24     4    29  24    4    25 

I  sum    12    2     15  12    2     14f  12    2     12| 

As  the  seconds  differ^  add  them  together,  and  di- 
vide the  sum  by  3  (the  number  of  pairs)  which 
gives  you  a  mean 

15 

14f 

13V 


3)  42 


^H- 


14 

Therefore  the  mean  of  the  observed 

time  is       -         ^        -         -         -     12**  2' 14 

.^Equation  for  six  hours  difference  in 

declination         ^        ^        .        .  8 


>'  ••  ^'/ 


Time  per  watch  of  mean  noon  -        -     12     214  8 
Equation  of  time    --        ^        «         -  1551 

Time  per  watch  of  mean  noon  -     J 2     O  I9  7 

The  watch  is  19  second^  7  thirds  too  fast  for  mean 
time. 

Example  2.    Jan.  29, 1786. 

Morning.  Afternoon. 

21H  35'     8''  2^  55"  43'" 

121     36      8  2    54    42 

21     38       9  Q    52     41   2 

^1     39    ISx  2    51     38 
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h.    ni«     ii.         <   b*    ni.    s.  li.   m.    s.  h.  oi.    t.  th« 

istpr.  21  35    8     2d  21  36    8     3d  21  3S    9      4th  21  39  12  5 
2  55  43  2  54  42  2  52  41  2  2  51  38 


Sum  24  30  51  24  30  50  24  30  50  2         24  30  50  5 

I  sum  12  15  25  5      12  15  25  12  15  25  1         12  15  25  2 

The  difference  here  is  only  among  the  thirdsj 
which  added  together  are  8  ''\  divided  by  4  we  have 
2.     Therefore 

The  mean  of  the  observed  time  is     15^  15'  25' 2^'-' 
jEquation  for  declination      -        #  20  2 


Time  of  apparent  noon  by  watch  -     12    15     5  O 
Equation  of  time         •        *        ^      013  29  8 


I  *« 


Time  l>y  watch  of  mean  noon       -     12      135  3 
Watch  too  fast  for  mean  time       «  ^ '  135  3 


Problem  xiv.  To  find  the  error  of  a  clock  or 
watch,  by  corresponding  or  equal  altitudes  of  a  fixed 
star. 

Rule  I.  Add  half  the  elapsed  time  between  the 
,observations^  to  the  time  when  the  first  altitude  was 
taken,  and  you  have  the  time  of  the  starts  transit 
over  th^  meridian  per  watch. 

Rule  2.     Subtract  the  sun^s  right  ascension  irom 
the  star's,  increased  by  24  hours,  if  necessary*    Take 
the  increase  of  the  sun's  right  ascension  in  24  hours^- 
and  add  to  it  24  hours ;  then  say. 
As  this  sum 
Is  to  24  hours^ 
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So  .is  the  difference  between  the  sun    and   starts 
right  ascension 
.  To  the  true  time  of  the  star's  transit. 

If  the  watch  be  regulated  to  solar  time^  the  dif- 
ference between  the  true  time  of  the  star's  transit 
and  the  time  shewn  by  the  watch,  will  be  the  error. 

If  your  meridian  be  different  from  that  of  Green- 
wich,  say, 
\  Ab  24  hours 
Are  to  the  daily  difference  of  the  sun's  right  ascen^ 

sioB; 
'So  is  the  longitude,  in  timey 

To  a  proportional  part,  which  must  be  added  to  the 

true  time  of  the  star's  transit,  if  the  longitude  be 

east,  but  subtracted  if  west.     ' 

tf  the  watch  be  regulated  to  mean  solar  time,  that 

.  is,  if  it  divides  the  time  equally,  apply  the  equation 

of  time  as  directed  jn  page  2  of  the  Nautical  Alma^ 

nack,  to  the  true  apparent  time  of  the  star's  tr^usit^ 

before  you  subtract. 

Example. 

On  the  6th  of  November,  1787;,  at  11^  lo"  9'' P.M. 
and  at  1 6'^  4'  1 5"  solar  time,  the  star  Aldebaran  had 
ecpial  altitudes  at  Greenwich.  Was  tlie  watch  too 
Cast,  or  too  slow  ? 

l€^     4'    U" 

n    lo    9 

m 

^*i^—— ■  I      ■■  ■      ■■■  » 

3)  4     54      6 


Half  elapsed    time       3  27     3 
Time  1st  altitude         1 1   10    9 


Star's  transit  per  watch       13  37  IS 


^  ^ 


Star's  R.  A.    ^        .      4  35  60 

124 


,     28  ;|3  60 

Sun'sR.  A.   -         -     14  46  15 


Difference      -        -     13  37  35 


*"m    ill* 


Sun's  Rt  A.  Nov«  6,       -    14  ti6  15 

7.       -    14  50  15 


Increase  in^S4  hours      ^      O    4    O 


As  24^  4' :  24*» : :  13»»  37'  35" :  13^  35'  Iff  tn«e time. 

Time  per  watch  13  37  12^ 


^■— ••*—•■••■•• 


Watch  too  &st      O    1  53 


Qn  July  I3j  179a,  in  lengitu^e  23*  26' E.  the  Ibl. 
lowing  equal  altitudes  of  Altair  were  obierved.— 
Bequired  the  errors  of  the  watch  ? 
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Time  per  Watch. 

Aldmde. 

Time  per  Watcb.  . 

8"  If    O"  - 

37°  23'    - 

14'»36'57" 

8  19  i6    - 

37  40     - 

14  33  42 

8  so  12      > 

37  65     - 

14  33   44 

8  31   54     - 

38   13     - 

14  31      5 

8  93   16     - 

38  30     - 

14  39  41 

8  35  55      - 

38  53      - 

• 

14  37      1 

Sam  50     7  3|  8f  10  10 


Mean  8  21  15  5  -  14  31  41  6 

Mean  time  of  1st  observation        8  31   15  5 
Mean  time  of  3d  observation      14  31  41  6 


3)  6  10  26  1  difr. 


Half  elapsed  time  •     3     5  13 

» 

Star's  R.  A.          -  19  40  40 

SunV  K.  A.          -  8  13  41 


Difference        -         11   26  69 

Sun*s  R«  A.  at   noon^  23d  July     8  13  41 
Ditto  \  24th  July     8   17  39 


Increase  in  24  hours  -  0     3  58 

Trpe  time  of  Star's 
transit. 

24^3'  58''  :  24  ::   ll«i  26'  59"  :    11^25'  5" 
24*" :  3'  58"  ::  l^  3344''  pro^part.   O     O  16 
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True  time  of  star's  transit  corrected 

for  longitude        -             .             -  112521 

Time  per  watch       -            -             -  1 1  26  28 


Watch  too  fast  for  apparent  time     -  O     1     7 

Secondly,  Suppose  the  watch  had  been  regulated  to 

mean  solar  time ;  then 
True  apparent  time  of  star's  transit, 

as  above  -  -  -  -         11  25  21 

'^Equation  of  time     -  -  -  O    6    3 


True  mean  solar  time  -  -         11  31  24 

Time  per  watch       -  -  -        -11  26  28 


Watch  too  slow  for  mean  time         -  O    4  56 


Problem  xv.  To  drcnv  a  meridian  line^  or  to  find 
the  cardinal  points  of  the  compass,  by  equal  altitudes 

» 

of  the  sun,  or  a  star. 

If  equal  altitudes  of  the  sun  be  taken,  as  directed 
in  problem  xiii,  and  the  place  of  the  index  on  the 
horizon  circle  be  carefully  noted  at  each  time  of  ob- 
servation, the  middle  degree  or  part  between  each, 
will  be  the  place  where  the  index  will  stand,  when 
the  sights  of  the  quadrant  are  directed  to  the  south, 
or  north,  according  as  the  sun  is  to  the  southward 
or  northward  of  the  place  of  observation  at  noon. 
Set  the  index  to  this  middle  point,  and  direct  the 
sights  of  the  quadrant  to  some  remote  and  fixed  ob- 
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ject  on  the  earth.  This  object  will  be  a  south  meri- 
dian mark^  and  will  serve  to  set  the  quadrant  kt  any 
future  time.  Then  take  up  tlie  instrument,  and  af- 
ter setting  the  index  to  0,  place  it  again  on  the  table^ 
or  support^  and  move  the  whole  instrument,  not  by 
any  of  its  parts,  but  entirely  about  upon  the  table, 
till  the  sights  are  truly  directed  to  the  meridian  mark. 
Adjust  the  horizontal  circle  by  prob.  i,  and  the  in. 
dex  will  then  serve  to  shew  the  true  bearing  of  any 
object ;  because  the  diameter  joining  the  two  zeros, 
or  00s,  answers  to  the  meridian  line. 

If  the  table  or  supporter  be  immoveable,  it  will  be 
proper  to  make  three  marks  or  iridei^tations,  to  re- 
ceive the  points  of  the  screws ;  by  which  means  the 
horizontal  circle  *may  be  instantly,  at  any  time,  set 
in  its  proper  position,  with  respect  to  the  cardinal 
points  of  the  horizon. 

* 

It  often  happens,  that  there  is  not  any  window  in 
a  house,  from  which  the  sun  can  be  seen  morning 
and  evening.  In  this  case  the  meridian  may  be  de- 
termined by  observations  of  equal  altitudes  of  the 
pole-star,  or  any  other  near  the  pole. 


Problem  xvi.     To  find  the  tinie  hy  the  suns  tran- 

sit  over  the  meridian. 

I  "  ,  • 

Adjust  the  quadrant  to  the  cardinal  points  by  the 
last  problem,  a  short  time  before  noon.  Set  tlie  in.. 
dex  to  0,  and  elevate  the  quadrant,  so  that  the  sha- 
dow of  the  sijght  with  the  cros?  Wire  may  fall  upon 
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the  other*  As  the  instant  of  apparent  noon  ap- 
proaches^ the  bright  spot  formed  by  the  sun's  light 
through  the  lower  hole  in  the  former  sights  will  be 
seen  approaching  the  mark  on  the  latter.  If  the 
observer  chuses  to  look  at  the  sun.  he  mi^st  now 
put  up  the  dark  glass,  and  apply  to  the  observations* 
The  instant  when  the  first  limb,  or  edge  of  the  sun, 
appears  to  touch  the  perpendicular  wire,  and  also 
when  the  latter  limb  appears  to  leave  it,  must  be 
noted  by  the  clock  or  watch.  The  middle  time  it . 
the  apparent  noon.  Or  if  he  chuses  to  observe  by 
the  bright  spot  only,  the  instant  when  the  spot  is 
seen  upon  the  mark  is  the  apparent  noon  ;  and  this 
corrected  by  the  equation  of  time,  will  shew  how* 
much  the  clock  is  fast  or  slow. 


Problem  xvii.     To  find  ike  time  hy  an  observation 
of  the  sun's  altitude  and  azimuth. 

Adjust  the  instrument .  to  the  cardinal  points* 
and  observe  the  sun's  altitude.     Take  notice  likewise 
of  the  angle  of  azimuth  from  the  meridian,  as  shewn 
by  the  index. 
Then, 
As  the  sine  complement  of  the  »un's  declination 
Is  to  the  sine  complement  of  the  altitude  ; 
So  is  the  sine  of  the  azimuth 
1  o  thfe  sine  of  the  sun's  horary  anglet 

Which  last  being  reduced  into  time,  by  allowing 
fifteen  degrees  to  one  hour,  and  in  proportion  for  the 
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other  parts,  gives  the  apparent  time,  if  afternoon; 
but  if  before  noon,  it  must  be  deducted  from  12 
hours,  to  give  the  time.  '1  his  apparent  time  must 
be  corrected  by  the  equation  of  time, 

Example.     Suppose,  that  on  the  2 1st  of  June,  the 
sun's  altitude  was  observed  to  be  46°  25',  and  liii 
azimuth  112°  59',  the  declination  being  23°  29'. 
As  the  cosine  of  the  sun's  declination 

2^  29'        -        •         «        •        9-9624527 

Is    to    the    cosine  of  the  altitude 

4^"  25"       .         -  .  -     /  9.83847^ 

So  is  the  sine  of  the  azimuth  112°  5Q\ 

ovGfl'     -         -         -        .        d'^^^^W. 

19.8025566 
9.9624527 

To  the  sine  of  the  horary  angle  43^ 

47' 13'"      ....         9.8401039 

As  15^0  1\  so  is  43°  47^  13^'  to  2^55'8",tlie 
apparent  or  trucf  time  past  noon,  to  9^  4"  52"'  before 
noon ;  but  neither  of  these  times  will  agree  with  a 
watch  which  measures  time  equally. 

The  equation  of  time  for  noon  at  Greenwich  m 
V  15.9'',  the  daily  difference  13'';  therefore  as  24»m8 
to  13",  so  is2h55'8"t5  1.5";  consequently  1.5"  added 
to  1 '  1 5 .9",  or  1 '  1 7.4",  is  the  equation  of  time  to  be 
added  to  the  given  hour :  but  2^  55'  8"  added  to 
1^17",  gives  2^56^25^,  the  time  past  noon  per  watch. 

It  may  be  necessary  to  remark,  that  whenever  you 
apply  the  equation  of  time  to  that  immediately  ^^ 
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duoed  from  calcnlatimiy  you  must  add  or  rabtncl 
as  the  Nautical  Ephemeris  directs;  and  if  the 
time  is  not  veiy  near  noon^  you  must  make  a  propofw 
tion  as  above;  but  if  you  Bfply  the  equation  oT 
time  to  the  time  per  watcb>  you  must  subtract  where 
the  ^hemeris  directs  you  to  add^  and  vice  verso.* 

*The  preceding  examples  will  be  sufficitnt  to  instruct  the  teuacr 
in  the  nature  and  uses  of  the  astronomical  iostnimenty  caUed  the 
Astronomical  Quadiant.  The  one  hciein  described  is  the  ei^ 
nary  sort  as  adapted  to  the  use  of  schools  or  teachers.  For  mote 
accurate  purposes,  or  for  correct  obsenrations  in  the  obsenratoi]r« 
they  werrmade  of  larger  dimensionsi  and  contained  a  variety  of  essen- 
tial addition^  for  accurate  adjustrntfOt,  and  nicety  of  obsenration# 
so  as  to  read  the  observed  angle  off  to  a  minute,  to  30»  10,  or  5  sccondt 
of  a  degree.  The  late  ingenious  and  superior  artist,  Mr.  JRamsimp 
constructed  the  principle  of  a  vertical  circle,  so  as  either  to  move  in  the 
meridtan  or  to  torn  out  of  it  occasionally*  to  take  aaimuths,  e^tal  aNI« 
tttdes/  &C.  5rc.  which,  from  its  construction*  rendered  it  £»  superior  to 
the  quadrant  in  point  of  correctness,  and  more  permanent  in  Its  figure 
and  adjustment.  The  present  skilful  Mr.  Troughton,  hu  constructed 
ibrvariousobsenratlons  similar  cireles  with  improvements  and  great  per- 
fections, and  we  now  entirely  dispeme  with  the  large  astronomical 
quadrants  for  adoption  of  the  JtHropumtieai  circk.  In  lieu  of  sock 
an  instrument  as  this,  it  may  be  right  to  inform  the  learner,  or  young 
student,  that  a  good  portable  sextant,  with  silver  arch  that  admits  the 
angle  to  be  read  off  to  30^  or  leis,  assisted  by  a  quicksilver  artificial 
horizon  wiih  a  parallel  glass  roof,  form  the  best  apparatus,  for  taki&g 
altitudes,  and  angular  distances  of  the  celestial  bodie^i,  in  order  to 
determine  the  time^  or  the  latitude  and  longitude  of  the  place  wherein 
the  obsenrltioa  is  made,  in  a  manner  similar  to  the  directiont  herela 
g^ven. 

For  fixed  stations  or  observatories,  the  Transit  Telescope  is  a  very 
simple  and  exact  instrument  ibr  determining  by  observations  of  the 
celestial  bodies  passing  over  the  meridian  of  the  place  their  right 
ascensions.  Declinations,  &c.  and  with  tlie  assistance  of  a  clock  or 
watch  ascertain  their  rate  of  going,  and  determine  the  longitude  of  the 
places  Stcftc.  Plate  13,  fig.  3,  represents  one  of  a  portable  and  most 
improved  klnd^  A9  a  Telescope  about  20  inches  longi  GO  its  axb,  E  a 
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m                                                 m 

•'                            OF   THE 

.:    JEQUATORUW, 

* 

...    ORv     • 

* 

:  UNIVERSAL  sun-bial; 

•r  v/  :  *  ::.  .AKD  at^:cr0H»..  '•    '.    i-.    '••: 

• 

--!<«««pi»j»^  .   . 

*4     t. 


•iAcHE'p^i»wWiw6,,or:dijrection  m  whieb  gravityacts, 
-lfi?in^^  the  ^6iily  line  Ve  ^an  at  all  times  have  imme- 
j}iat^^r0cj3(ufse  tOj^  for  determining  the  position  or 
,«lgects>.i$.th»;chi6f  p^rtiwlar  to  wbieh  Jthe  circte 
•hitheiiMitTttment  last'd*^feribed*  are  adajited ;' and 
'accordingly' their  planes  are  placed  the  one  parallel, 
..-tedth^  other- perpendicular 4o  :t}>iat  line/  Bnt  as 
filhefe  ftre  F(^"|>lac^sOii  the  earth;  \vhdsi6  tirtfealor 
.horizontal circles  cprresbbnd  with  those  in  wpicn me 
.fselesti^l  giQ^n$^  ^a^e  .pQrforjtn^^.it  wag.,  ^und  nee^ 
i^stiryi  at  a  Wf^^rfy  pericjrt?^ td ddttstriictift&fimnJfeiife 
"'^^(lapted  riot  only  to'Hhe  measurement  o?'altitud« 
and.agimvitl^s,  hut  al?<?^  to  fpJJpw  the.  heavenly ...*>^ 
.'diesintheiriipespective  path^ahd  ^eteteiine  their 
'right  ascensions  and  declthatibnsi '  moriS  iriitnediatcly 
IhaH  can  be  dpnej.hy  thp  quadrant  and  honzontai 
<2)rcla  The  equatorial  is  the  most  approved-  naodeiB 
instrument  for  this  purpose. 

-  '  •  »f  '  I..  -       Z'*        ,,  *  ,  ■  ..  •»4-''.I       '  ' 

eiiSi}eor<kcKoatiotT,  &cvFG  tir&arnnicyr  8irpportRrs>  an*  fllK-thetfJ 
tevdjing screws  aiul  foot  for  pladng  it  level.  A  Jevel  i«  made  toadapt*^ 
the  axis.  •  This  work  do<?s  not  here  admit  a  coroplet**  OT  further^ 
cilptioo,  l»it  the  reader  ^\\  sefe  its  useS  clearly  described  in  Wti^^ 
the  Longitude  byTim&.keeper8, 8vo.  18'10,andth©iB5cfeen4€d'ti«at*je*'* 
Practical  Astronomy  by  Vince,  Dela  Lande,  &c.  « "^^^ 
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li  consists  of  the  following  paris  4  •  j 

An  hqrizojgital  circle  EF,  plate  lA^Jig*  3^t  diviG^^d 
like  that  of  the  former  instniment,  mlto  four  quad- 
Tfttits  of  90^  each.  But  instead  of  a  moveable  index^ 
there  is  a  fixed  nonius  plate  at  N^  and  the  circle 
itself  may  be  tiiri\^d  on  it^  axis. 

In  the  centre  of  the  horizontal  circle  is  fixed  a 
strong  upright  pillar^  whichr  supports  the  centre  of  a 
vertical  semicircle  AB>  divided  into  two  quadrants 
of  90**  each.  This  is  called  the  semicircle  of  altitude, 
and  supplies  the  place  bf  the  tjaadrant  in  the  fotmer 
instrument ;  but  it  is  more  extensively  useful^  be- 
cause one  quadrant  serves  to  measure  altitudes,  and 
tlie  odhW  d^res$ions.  -  *It  has  no  .plumbtline^  but  a 
nonius  piste  at^JK..  .^   b 

•  At  rigiit  angles  to-tiiefpiiaiieof  thiii>s^mi<;[ircley  the 
ie4uatoria]  circle  MNf  is.  firmly,  fixcfd.,  .  It  represents 
the  equator^  bnd  is  divided  i&to  twicei .  twelve  bpurs, 
evety  hour  beitig  divided  into'tfirelve  parts^.of  five 
minutes  each.      -  ,      =     i..;  ».; 

'  Updn  ii^'  eqtsltorial  circle  jmoves  anothior  icii^^ 
I  with  a  chamfered  edge,  carryii^g^  noniifts,  by  whaoh 
the  divisions  on  the  equatorial !  may  be  read  ^  off  to 
ing^le  minutefi^;  Md)at  right  ingles  to  tins  moveable 
ircle^  is  fixed'  the  semicircle  of  declioattoir  D, '  div- 
ided into  two  (piftdrants  of  ^0^  eaiih; 

The  piece  which  carries  the  si^ts  OP  is  fixed  to 

n  index  m)oveabte  on  the  semicircle  of  declination, 

d  carrying  a  nonius  at  Q.'   The  sight  O^  to  whicb 
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the  e^e  is  to  be  applied,  has  two  small  holes,  and  a 
dark  glass  Ibr^oevering  eitha:*  occasionally ;  and  the 
sight  P  has  two  pieces  screwed  on,  the  lower  having 
a  small  hole  to  admit  the  solar  ray,  and  the  upper 
carries  two  cross  wires. 

Liastly,  there  are^wo  spirit  levels  fixed  on  the 
horizontal  circle  at  right  angles  to  each  other. 

The  following  are  among  the  many  problems 
which  may  be  solved  with  peculiar  facility,  by  means 
of  this  useful  instrument. 


Probusm  XVIII.      To  adjust  the  equatorial  for 

observations. 

\  * 

Set  the  instroment  on  a  firm  support.    First  to 
adjust  the  levels,  and  the  horizontal,  or  azimuth 
circle.    Turn  the  horiasoirtal  circle,  till  the  be^n- 
ning  O  of  the  division  coincides  with  the  middle 
stroke  of  the  nonius,  or  near  it.     la  this  situation, 
one  of  the  levels  will  be  found  to  lie  eithar  in  a 
right  line  joining  to  the  two  foot-screwjs  which  are 
nearest  the  nonius,  or  else  parallel  to  subh  a  right 
line.    By  means  of  thie  two  last  mentioned  screws, 
cause  the  bubbles  in  the  levels  to  become  stationary 
in  the  fiddle  of  the  giass ;  then  turn  the  horizontal 
circle  half  jound,  by  bringing  the  other  O  to  the 
nonius  ;  and  if  the  bubble  remains  in  the  middle^ 
as  before,  the  level  is  well  ac^asted  \  if  it  does  not 
correct  the  position  of  the  level,  by  taming  one  or 
both  of  the  screws  which  pass  through  its  ends  (by 
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means  of  aturn-serew)^  till  the  bubble  has  moved 
half  the  distance  it  ought  to  com<e  to  reach  the 
middle;  and  cause  it  to  move  the  other  half^  by 
turning  the  foot-screws  already  mentioned.  Beturn 
the  horizontal  circle  to  its  first  position,  and  if  the 
adjustments  have  been  well  made,  the  bubble  will 
remaiti*  in  the  middle  ;  if  otherwise,  the  process  of 
altering  the  level  and  the  foot-screws,^  with  the  re- 
versing, must  be  repeated  till  it  bears  this  proof  of 
its  accuracy.  Then  turn  the  horizontal  circle  till 
90^  stands  opposite  to  the  nonius ;  and  by  the  foot<^ 
screw  immediately  opposite  the  other  90'  (without 
touching  the  others),  cause  the  bubble  of  the  sam« 
level  to  stand  in  the  middle  of  the  glass.  Lastly,  by 
its  own  proper  screws  set  the  other  level  (not  yet  at- 
tended to)  so  that  its  bubble  may  occupy  the  mid«* 
die  of  its  glass. 

Secondly,  to  adjust  the  line  of  sight     Set  the 

nonius  on  the  declination  semicircle  at  O,  the  nonius 

on  the  horary  circle  at  VI,  and  the  nonius  on  the 

semicircle  of  altitude  at  90\    Look  through  the 

sights  towards  some  part  of  the  horizon,  where  there 

is  a  diversity  of  remote  objects.     Level  the  horizon-^ 

tal   circle,  and  then  observe  what  object  appears  on 

the  centre  of  the  cross  wires.    Reverse  the  semi- 

ciFele  of  altitude,  so  that  the  other  ^0""  may  apply 

to  the  nonius ;  taking  care,  at  the  same  time;  that 

the  other  three  noniuses  continue  at  the  same  parts 

of  their  respective  graduations  as  before.    If  the  re* 

mote  object  continues  to  be  seen  on  the  centre  9f 

the  cross  wires,  the  tine  of  rsight  is  truly  adjusted; 

ii3 
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but  if  not;  unscrew  the  two  screws  which  carry  the 

frame  of  the  cross  wires,  and  move  the  frame  till  the 

intersection  appears  to  lie  on  a  new  object,  half  way 

between  the  object  first  observed,  and  that  to  which 

the  wires  are  applied  in  the'  last  position.    Return 

the  seimicircle  of  altitude  to  its  original  position :  i' 

tb'e  intersdctibn  of  the  wires  be  then  found  to'be  on 

the  object  to  whiejh  they  were  last  directed,  the  line 

of  sight  is"  truly  adjusted';  but  if  not,  the  frame  must 

be  again   altered  as  before ;   and  the  same  general 

.  •  •     • 

operation  must  be  repeated;  'till  the  cross  wires  m 

both  positions  apply  to  the  satae  olyeot. 

Besides  this  ac^ustnient  of  the  centric  of  intersec- 
tion, it  is  ^necessary  that  one  of  the  ^ires  should  be 
in  the  plane -of  the  declination  semicircle,  and  the 
other  at  right  angles  to  that  plane.  As  the  w/res 
are  fixed  at  right  angles  to  each  other,  the  adjustment 
of  one  of  them  will  be  sufficic^nt.  -  For  this  pur- 

• 

pose,  observe  any  small  object- on  one  of  the  wires; 
if  it  be  the  vertical  wire,  move  tlie  index  of  the  se- 
micircle of  declination  ;  or,  if  the  other,  move  tiie 
last  mentioned  seriiicifcle  on  the  axis  *^  the  equa- 
torial circle  '  In  either'case,  the  object  will  coinci* 
with  the  wire  during  its  motion,  if  the  position  ^ 
right;  if  not,  alter  that  positiony  taking  care  not  to 
Jisplace  the  centre' from  its  adjustment. 

To  adjust  the  preoe  which  carried  the  hole  for 
forming  the  solar  spot,  direct  the  sights  to  the  sub, 
so  that  the  centre  of  the  luminous  circle,  formed  / 
the  aperture  which  carries  the  cross  wires,  nia^ 
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precisely  on  the  upper  sight-hole.  Then  move  the 
ffSLme,  wi^'the  small  perforation^  till  the  solar  spot 
falls  exactly  on  the  lower  sight-hole.^ 

Thirdly,  to  find  the  correction  to  be  applied  to 
•observations  by  the  semicircle  of  altitude.  -  Set  the 
nonius  on  the  declination  semicircle  to  O,  and  Ae 
nonius  on  the  horary  circle  to  XII ;  direct  the  sighft 
to  any  fixed  and  distant  object,  by  moving  the  hori- 
zontal circle  and  semicircle  of  altitude,  and  nothing 
else;  note  the  degree  and  minute  of  altitude  or  de^ 
pression  ;  reverse  the  declination  semicircle,  by  di'* 
recting  the  nonius  on  the  horary  circle  to  the  opposite 
XII ;  direct  the  sight  again  to  the  same  object,  hy 
means  of  the  horizontal  circle  and   semicircle  of 
altitude,  as  before.     If  its  altitude  or  ^lepression   b^ 
the  same  as  was  observed  in  the  other  position,  no 
collection  will  be  recfuired ;  but  if  otherwise,   half 
the  difference  of  the  two  angles  is  the  correction  tb 
be  added  to  all  observations  or  rectifications  made 
with  that  quadrant,  or  half  of  the  semicircle,  which 
shew  the  least  angle;  or  to  be  subtrabted  'from*  all 
observations  or  rectifications  made  with  the  othc^ 
quadra'nt,  or  half. 

When  the  level  and  cross  wires  are  once  truly  set, 
they  will  preserve  their  adjustment  a  longvtim^, 
if  hot  deranged  by  violence ;  and  the  correction  to 
be  applied  to  the  semicircle  of  i^ltitude  id  a  constant 
Quantity*     '         •  . 

*    • 

II  4 
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PUdBLBM  XIX.   To  meoiure  angles  either  of  aximtrfji 

altiiude,  or  defression. 

Set  the  middle  mark  of  the  nonius  on  die  decB- 
ntiwi  at  Op  and  fix  it  by  means  of  the  miUed  screw 
behind*  fiet  the  horary  circle  at  XII  on  the  equip 
tOTy  and  the  instrument  (previously  adjusted)  is  rea- 
dy for  observation.  Then  if  the  sights  be  directed 
successively  to  any  two  objects^  the  degrees  and  mi* 
nates  contained  between  the  two  positions  of  the 
nonius^  on  the  limb  of  the  horizontal  circle^  will 
shew  the  horizontal  angle  in  the  same  manner  as  hai 
been  described  at  prob.  ii.  of  the  quadrant.  And 
likewise^  if  the  sights  be  directed  to  any  object^  by 
moving  the  horizontal  circle  and  semicirde  of  alti- 
tude«  the  degree  and  minute  marked  by  the  nonius 
Mi  the  last*mentioned  semicircle  wiH  be  the  angle 
'  of  altitude^  if  on  the  quadrant  or  part  next  the  eye ;  or 
et  depression^  if  on  the  remoter  quadrant. 

Remark.  It  is  proper  in  this  place  todescribe  the 
nature  and  use  of  theadmirable  contrivance  common- 
ly called  a  nonita.  It  depends  on  the  simple  ci^ 
eomstancCt  tiiat  if  any  line  be  divided  into  equal 
parts,  the  length  of  each  part  will  be  greater,  the 
hv9tr  the  divisions ;  and  contrariwise,  it  will  be 
less  in  proportion  as  those  divisions  are  more  nume* 
rons.  Thus  it  may  be  observed,  that  the  distance 
between  the  two  extreme  strokes  on  the  nonius^  ia 
tlie  equatorial  before  us,  is  exactly  equal  to  devea 
degrees  on  the  limby  but  that  it  is  divided  into 


twelve  equal  parte.  Each  of  these  last  parte  will 
therefore  be  shorter  than  the  degree  in  the  propor- 
tion of  11  to  12 ;  that  is  to  say,  it  will  be  one- 
twelfth  party  or  five  minntes,  shorter.  Conse- 
quently^  if  the  middle  stroke  be  aet  precisely  op- 
posite to  any  degree^  the  relative  position  of  the  no- 
nius and  the  limb  must  be  altered  five  minutes  of  a 
d^pree,  before  rither  of'  the  two  adjacent,  strokes 
next  the  middle^  on  the  nonius^  can  be  brought  to 
coincide  with  the  nearest  stroke  of  a  degree;  and 
so  likewise  the  second  strokes  on  the  nonius  will  re- 
quire a  change  of  ten  minutes,  the  third  of  fifteen, 
and  so  forth  to  thirty «  when  the  middle  line' of  the 
nonius  will  be  seen  to  be  equidistant  between  two  of 
the  strokes  on  the  limb ;  after  which,  the  lines  on 
the  opposite  side  of  the  nonius  will  coincide  in  sue* 
cession  with  the  strokes  on  the  limb. 

It  is  clear  from  this,  that  whenever  the  middll 
stroke  of  the  nonius  does  not  stend  precisely  opposite 
to  any  degree,  the  odd  minutes,  or  distance  between 
it  and  the  degree  immediately  preceding,  may  be 
known  by  the  number  of  the  strokes  on  the  nonius 
which  coincide  with  any  of  the  strokes  on  thelimb* 
It  must  be  observed,  however,  that  as  the  d^rees 
in  several  quadrants  are  reckoned  in  opposite  dire- 
tions,  so  likewise  the  nonius  has  two  sets  of  num- 
bers:  for  the  use  of  which  it  need  only  be  remem- 
Itred,  that  they  always  begin  from  the  middle,  and 
S^  to  30  minutes,  and  thence  from  the  opposite  io 
ninutes  in  the  same  direction  to  the  middle ;   and 
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that  they  must  always  be  reckoned  m  the  opposite 
direction  to  the  degrees  on' the  limb.*' 


Problem  xx.  Tx) find  the  distance\)f  an  ohject  on 
the  earth,  by  observations  made  at  two  stations. 

This  may  be  done  hy  measuring  a  base  line  and 
the  horizontal  angles;  and  proceeding  as  directed 
at  Problem  ki.  But  as  the  equatoriU  measures  an- 
gles of  depression  as  well  ^s  elevation^  the  stations 
may  not  only  be  on  the  same  leveL  but  may-  be  ver- 
tically the  one  above  the  other.  For  example^  if  the 
altitude  of  any  object  be  taken  from  a  lower  win- 
dow of  any  building,  and  its  depression  from  a  win- 
dow immediately  above,  and  the  distance  of  the 
.two stations  of  the  instrument  be  accurately  mea- 
•ured.  Then, 
As  the  sine  of  the  sum  of  liie  angles  of  altitude  and 

depression^  (or  of  the  difference,  if  both  be  altitude 

or  both  depression) 
is  to  the  sine  of  the  angle  at  the  upper  station  ; 
So  is  the  distance  between  the  stations 
To  the   distance   of  the   object  from  the    lower 

station. 


*Jn  the  mstrumentMIiey.'mustbe  read  in  tlib  opposite  diMe- 
^ion;  4)ut  when  the  nonius  pkte  has  its  divisions  fewec  than  4Jic 
jiiunbcr  of  pants  on  the  limb  lo  whic]^  it  is  equal,  they  coincide 
successfvely  in  the  same  direction  as  that  of  the  ^notion  of  the 
jndeK. 


PROBLEMS,  507 

Example  1 .  From  a  window  near  the  bottom  of  a 
liouse,  the  angle  of  elevation,  BC^A,  plate  \b, Jig.  Q^ 
of  an  object,  B,  was  found  to  be  40^ ;  eighteen  feet 
above  the  foregoing  position,  the  angle  BDE  was 'ob- 
served to  be  37'  30^  Then, 
As  sine  of  thte  difference  of  the  two  an- 
gles ff  30'  -      .     .  -    ^.Ga^Ql^ 

Is  to  the  sine  angle  BDC,  equal  angle 
BDE,pltts90    .    12730        -      -    9-8994567 

SoisDClSfeet  •  .  .     1.2552725 


11.1547392 
8.6396796 


To  BC,  the  required  distance  327.38 
feet  -  -  -      9.5 150496 

Example  2.  From  Cy  plate  \byjig.  10,  a  win- 
dow near  the  bottom  of  the  house,  the  angle 
BCA  of  elevation  of  B  was  found  to  be  15"*  from 
D;  18  yards  higher  the  angle  of  depression  EDB 
was  10  degrees. 

Then,     . 
As  sine  of  sum  of  the  angles  25"*        •      9.6259483 
To  sine  angle  BDC  80°  .        ^       9-99335 IS 

So  is  DC  18  yards  -^  -       1.2552725 

11.2486240 

'  9.6359483 


*      ' t  ;  -^ ,. 


To  CB  41.944  yards      •     '      •        1. 6226757 


« 

Problem  xxi.    To  measure  heights  and  dtstanca. 

As  the  semicircle  of  altitude  answers  every  pur- 
pose of  the  quadrant^  in  the  instrument  before 
described,  and  the  horizontal  circle  is  common  to 
both^  it  will  be  easy  for  the  intelligent  learner  to 
perform  the  Problems  iii^  iv^  vii^  viii^  and  \Xy  by  the 
equatorial,  from  the  instractions  given  under  each 
respectively. 

Problem  xxii.     To  plot  a  piece  of  land. 

The  Problems  v,  and  vi,  with  all  others  which 
are  solved  by  the  mensuration  of  horizontal  angles, 
may  likewise  be  performed  with  facility  by  the  eqaa* 
toria). 


Problems  xxiii,  xxiv,  xxv^  and  xxvi. 

Under  this  title  it  my  be  observed,  that  the 
Problems  xi,  xii,  xiii,  xiv,  xv,  xvi,  and  xvii,  for 
finding  the  latitude,  the  time  by  equal  altitudes, 
th0  position  of  the  cardinal  points^  and  the  time 
by  the  sunV  transit  over  the  meridian,  or  by  its 
altitude  and  azimuth,  may  be  performed  with 
equal  jsase  and  greater  accuracy  by  the  horizontal 
circle  and  semicircle  of  altitude  in  the  instrument 
before  us,  as  by  the  quadrant  treated  of  under  those 
.problems. 


\ 
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I  shall  now  proceed  to  some  of  the  problems^  to 
which  the  equatorial  is  more  peculiarly  adapted. 


Problem  xxvii.    To  find  the  latitude  of  the  place 
hy  the  sun^  or  any  knoum  fixed  star. 


The  instniment  being  adjusted  according  to  the 
directions  already  given^  set  the  semicircle  of  al- 
tude  to  90^  and  when  the  sun  is  coming  near  the  , 
meridian^  elevate  the  sights  till  the  centre  of  the  sun 
is  exactly  in  the  centre  of  the  cross  wires ;  then  fol« 
low  the  sun^  by  moving  both  the  equatorial  and  de* 
clinatiop  circles^  if  necessary,  till  he  is  at  his 
greatest  altitude :  the  nonius  of  the  declination  will 
then  give  you  his  meridian  altitude,  from  whicTi 
subtract  his  declination,  if  it  be  north,  or  add  it^ 
ifit  be  south;  the  remainder,  if  north,  and  the 
sum,  if  south,  is  the  height  of  the  equator^  that 
is,  the  complement  of  the  latitude;  from  which 
8ul>tract  the  error  in  altitude  occasioned  by  refrac- 
tion, and  the  remainder  subtracted  from  9^°  gives 
your  latitude. 

Thus,  April  7,  observed  meridian  alti- 
tude of  the  sun*s  lower  limb        •         44°  61'  33* 
Semidiameter  of  the  sun  ^  l€ 


Altitude  of  the  sun's  centre  -  45     7  23 

Sun's  declination  north         -        -  6  57  37 


ileigbt  «f  the  equator^  or* corlati- 

Subtract  for  refraction         •  -  5  54 


Co-latitude  corrected  -     .        -        38    3  52 

Which  subtracted  from  go^  giyes  the 
latitude  -  -  -  51  56   8 


The  latitude  may, be  obtained  in  the  same  manner 
by  a  fixed  Mar,  whose  declingition  is  knowi\.    . 

Pkoblbm  xxviii.      To :  find  the  meridian  line  , 
ff«rf  Me  time  J  from  one  observation  of  the  suriy  when 
«V5  declination  and  I  the   latitude  of,  the  place  are 
}mmji)ru      .      ■  ,,  /  , 


Thi^  pr<^blem  requires  that  both,  the  j^gijpiith  and 
alt^tucierof ,  the  ^n  ^fiouj^d.  alter  qui^kl^^^^^pd  thiSjis, 
geiieraUy, speaking, ^tl^e ^jcjis^  m^^^,,,!5rn^5pijtly,j  the 
iarther  that  lu][ni»ary  i§;.fi:9?tt  thetinerj^i^p,    Thgrg- 

At  the  distance  of  three  or  four  hpurg^.jejthef 
before  or  after  noon,  adjust  the  horizontal  circle ; 
set  the  semicirde  <)£,«Ititiide,  so  that  .its  nonius 
may  .stand  at  the  co-latitude  3  la/  th^  plane  of  th^ 
last-mentioned  semicircle  in , the  m^ridia^  by  esti- 
mation, its  O  being  directed  towards  the  depressed 
pole;  place  the  nonius  of  thetdeclmatioii  skxIAr 
circle  to  the  declination,  wftethfei^  north  or  sbiitfe. 
Then  direct  the  line  of   sisht   towards  the  sun, 
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partly  by  moViiig  the  declinatum  semicircle  on 
the  axis '.  sof 'ttie  equatorial  circle^  and  pactly  by 
moving  the  horizontal  circle  on  its  own^axis^ 
There  is  but  one  position  of  those  which  will  admit 
of  the^kr  sfiot  fiitling  directly  on  the  mark  on  the 
opposite  sight.  When  this  position  is  obtained^  the 
nonius  on  the^oatorial^  or  boraiy  circle^  thews  the 
apparent  time^  and  the  circle  of  altitade  is  in .  the 
plane  of  die  meridian*  '' 


.PaoBLEUT^ix.     Tojind   the  *iime,.  when  the 
Jatitudi^  tfksiMfis^dedinatioii^  tmd  tie  meridiattyMre 

The  .ni#idian  being  foiiind  by  efqual  al|itu4^s .  y^f 
the  sun,,  oi^.a  stai^  which*  isitb!^  bqst  xa^ikod,  aad 
-settled  4>y  a  meridian  marJk,  or  by  inden^ti{>ni  to 
set  the  screws  in, '  place  the  equatorial  accordingly,  - 
and  adjust  it  by  the  levels.  Set  the  semicircle  of  al- 
titude to  the  co-latitude  of  the  place,  and  the  index 
of  the  line  of  sight  t6  the  aeclinJition  of  the  sun. 
Tufn  this  last  semicircle,  till  the  sights  are  accurately 
directed  to  the  sun.'  Tlie  nonius  will  shew  thte  timte 
on  the  horary  circle. 

This  problem  is  more  accurate  thaii  the  foregoing, 
iaflcf%iay  be  applied  at  all  times  when  the  sun  is 
•VteiMer'-^       ■:•'..'         ■   ii    .  .    .    •        •    .     : 


i  • 


'"  », 


Fbowleu  XXX*  Tojindthe  meHdian  Une^  when 
the  time,  the  sutis  decUnation^and  the  latitude  of  the 

place,  are  known. 

•  '  *  » 

Adjust  the  instninient  Set  the  aemicifcle  of  al« 
titude  to  the  oo-latitude^  and  the  nonius  of  the  de- 
clination semicircle  to  the  declination^  and  set  the 
^nonius  of  the  horary  circle  to  the  apparent  time. 
Turn  the  horizontal  circle  till  the  sights  are  ciirected 
to  the  sun.  The  semicircle  of  altitude  is  then  in  the 
plane  of  the  meridian. 

This  problem  gives  the  position  of  the  meridiaa 
more  accurately  than  Problem  xxviii.  It  ,is  much 
more  ready,  where  the  time  can  be  had^  than  the 
method  of  equal  altitudes,  and  it  is  near  enough 
to  the  truth  of  small  instruments.  The  nearer 
the  observation  is  made  to  the  time  of  noon^  the 
better ;  because  the  sun  then  changes  its  azimuth  the 
quickest. 

Problem  xxxi.  To  find  the  declination  of  the  sm, 
or  any  celestial  object,  when  the  latitude  ofthejdM 
and  position  of  the  meridian  are  known. 

Rectiiy  the  instrument  for  the  co-latitad^  as 
in  the  foregoing  problem^  and  place  the  semi^ 
circle  of  altitude  in  the  meridian.  Then  direct 
the  sights  to  the  object^  partly  by  moving  the  de- 
clination semicircle  on  the  axis  of  the  equatorial 
circle,  and  partly  by  moving  the  nonius  of  the  semi- 


circle  last-mentioned.    This  mmitts  will  then  .shew 
the  declination. 

.  I 

Problem  jqwxiu  Tojind  th^  right  ascension  ofcmf 
celestial  object^  when  the  time,  the  latitude,  and  the 
position  of  the  meridifm,  are  knoum.  *    ' 

Rectify  the  instrument  for  the  co-»latitude^  and 
place  the  semicircle  of  altitude  in  the  meridian* 
Move  the  declination  and  equatorial  circlea  till  the 
cross  hairs  nearly  concide  with  the  object^  then  place 
the  sight  a  little  to  the  westward  thereof^  and  observe 
V  your  clock  the  time  when  the  object  passes  the 
vertical  wire. 

By  the  cloqk  you  have  obtained  the  tun's  time,  by 
the  nonius  of  the  equatorial  you  have  the  hour  of  the 
object 

Take  the  difference  between  the  sun's  time  and 
the  star  s  time ;  and  if  the  time  of  the  star  be  less 
than  that  of  the  sun,  add  that  difierence  to  the  sun's 
right  ascension  at  the  time  of  observation;  from  the 
Nautical  Almanaek>  the  sum  (rejecting  S4  hours>  if 
it  exceeds  th^t  nuibber)  is  the  right  ascension  of  the 
object. 

But  if  the  star's  time  exceeds  that  of  the  sun,  the 
difference  must  be  taken  from  the  sun's  right  ascen-* 
sion ;  the  remainder  (adding  24  hours  to  the  sun'i 
right  ascension^  if  necessary)  is  the  right  ascension  of 
the  $tar. 


A 


■JantiJiTy  I,  IffBi 
Observed  time  of  the  star  by  the 

equatorial  -  -  2>»  18">  3'  P.  M. 

Sutfs  time  by  the  clock         -        9    ^^    40  P.M. 

DifFerence  between  t«ro  .  -•  7  26  37 
Sun's  right  ascension         -  20     5f .  9 

(Wftick   is    to    be    added    to 

llie    feVegoing    difference,    as — 

)lhe  s1tar*s  time  is  less  than  the 

suA^sj         -      \     r  V  28      23     4fi 

Fipm  which  rejectmg  twenty 

loiif  lioArs,  you  obtain  the 

star's  right  ascension    '     -         4     23     ^6 

;;iii^ustM,  i778- 

disserved  a  star,  the  tTirie  bf  the 

equatorial  was  10^  A.  M.  i.  e. 

istfonomicjiity         -  22     00    W 

^utfsT:ime  by  the  clock  5^  55™  4^- 

Whidh  astronomically  i^       -     17     55     4 

Difier^ace  between  the  two  to  4  4  5« 
A^  t^e  star's  time  exceeds  that  of 

the  sun,  this  difference  is  to  be 

Mbtracted  from  the  sun's  right ' 

MQ^dflionr  -  '  •-  -  10  38  59 
^'^^■■t90mndeT  is  the  right  a$> 

oefJiKHi  <^  *he  stw:        -  6    34       2 

Problem  xxxni.    To  direct  the  line  of  s^  * 

am/  star  or  planet. 

Adjust  the  instmment ;  that  is,  place  it  So  thatthfc 
«irdes  of  altitude  and  declination  m^y  be  in  tibe^ 


i)f  the  meridiau.;  ^t  t;\it  sevm]lf(^W  fff  ^^^SiW^H 

Take  the  difference  between  the  right  asc^f})^pf^;gf 
the  sun  and  give^fi  body^  and  if  the  right  ascension  df 
the  body  be  greater  than  that  of  the  -«un^  subtracjt^ 
the  dijfference ;  if  not,  ^d  t^th^  tfrne  f)|.^)^C^ti<in. 
The  remainder  if)  oQe  K9^i  i^.the  sum  in  the  other 
will  be  the  hour  a^d  minvtietQ  ivhich  tibtf  jionius  oa 
the  horary  circle  is  tQ  be  siet ;  which  beipffUdne,  tB(5 
sight  will  point  to  the  star  or  planet  sennits — 

Jf  the  time  he  too  small  to  admit  of  having  the  dif« 
JGerenee  takai  from  it,  borrow  24  hours,  and  reckon 
the  remainder  from  XH  at  nobn.    '      _\ 

« 

PjHOBL^  xxxiy.    Tojiftd  the  lonptnde.* 

Ac^tist  theinstrutnent  to  tKe  co-iatitude and  me- 
fidian,  »nd  ^k;e  the  tjiAaeA^f|J||«  l^apsi^  oj^ihe  moon's 
Jljim|),  anfl  «rf«»  of  *  proper  «%fta»  i^^  tf^  f<m^.t» 
the  ai(K>o'«  i»r?ili[el,  ai^^  f  1)^  ^p^i^M^  myM4§ySr 
jpained  ]t>y  the  ^Ving  i^jjp.  ..    ^,    j^^ 

observe,  as  before  directed,  the  interval  of  ;||in^  {jtpft* 

ffm»  ti^  |)»Miie  ^  «  giyen  j|^  ifor^  mi3^  of 

ti?e  woqa^t  jwiigfatfutf 4  JjjP^,  jWef  ttfae  mwiidlwt  at 
each  place,  and  the  difference  of  these  ifitstmik 
will  shew  the  increase  of  the  moon's  right  ascen* 
sion  in  the  time  of  the  star'a  passage  from  one 

*  Finic's  Practical  Astrdnoroy,  pu  90  ai|4  1  $^« 

ft  X  2 


sis  FRbBLEMS. 

» 

xna^ian  to  the  other.  But  as  tiie  increase  oF 
the  «iioon*8  R.  A;  in  12  hours  is  to  180%  so  is  the 
above  difference  of  intervals^  to  the  difference  of 
longitude.    - 

i,  r  EjBomple,  on  Nov.  30, 1792. 

ISh  IS' :57.6s"  meridian  transit  of  the) 

;.       :..  ;  mwrfs  3d  limb         fcS 

43  ^  la    29.O8 Mneridiaa  transit  of  « 19^  3 

3 1 .  46  *  dinerence  of  R.  A.  at  Greenwich. 


«i 


13  .  /H  .  8*05  meridian  transit  of  the 

moon's  3d  limb  ^^"Jt 


13     14     30.13  meridian  transit  of  4^  UP 


« •»  1      « « 


i.iif       /•   T*       A        ^   V     ,  r  The  clocks  beiflC 

S2.08  din.  of  .R#  A.  at  YQrk\s«pp««'''***^, 
3 1  •40  ditto  at  ureenwicb*       i  time,  oocontctioi 


^/       '«  .   A        «  • 


9^38  increase  of  moon's  right  ascensioo 
betweeii  Greenwich  and  York  by  obsetvation,  whicn 
TcdtMed^'iiito'^l^rees  gives  141".  Nowthe  increase 
of  the  moon*8  right  ascension  in  twelve  hours  vs 
^Jf^VKenoeas ■23340" to  180*  so  is  Ml'tol'S' 
l?tff,  ^  the  di^rehce  of  longitodebetween  Greeniri^ 
a«Sd*c(ft.  •■-"■'•■•'■-' "■'•  ■•••-  •••3' 
'v  T)H»3e  stara^^^t  ai^lndaiest  in  right  ascena* 
:!ttMtdeotitiStid&  td^fte  mdon>  ai«  best  ^itedfo»^ 
■purpose.  f  ../'■::..■..  .^ 

^  •  .  t       T^       r-     .  ■»•  V      ,.•■■»'      .         k  •' 


ik  *•'  X 


I  ^17    1 


TbMe  «/  t^  FMiptie  Motioniof  the  Phneity  09 given  hy  La  Plactin  ;<*»  %*i 


Duraiioju  of  their  Sidereal    Rcvolu-^ 
tion. 

Mercury.. 0    87    2  J 
Venat ..  0  224 


Karth.««.1  0 
Mm  ....1  821 
Jupiter  11  317 
Saturn..  29  173 


16 

6 

23 

14 

53 


M. 
15 

49 
9 
30 
18 
10 


4v^ 
11 
11 
39 
40 
34 


''894 
192 
>C7 
047 
976 
176 


©    16     174 


^|?r«?84    58    17 

Semi  Major  Axe*  of  tkeir  Orbits^  vr 
their  Mean  Distances, 

Metcuxf  ...* 03870981 

Venus 0-7233323 

lEarth 10000000 

3Iars 15236035 

Jupiter *-2027911 

Saturn 9  5387705 

Georgtum  Sidus ...,.«,.  19  1833050 

Proportion  of  the  Eccentricity  ^f  tU 
Semi  Major  Ax99, 

Mercury  .0-20551494+ 00 J0U03867 
Venus  ...000685298—0000062711 
Earth..  ..001685318— 00000416  .2 

Mars 009313400+0  000090170 

Jupiter  ..004817840+0-0001593W 
Saturn . .  .0056l6830-«^0-QU03l3402 

^lidus  \  ^  04667030— 0-0CQQ2507;3i 

JA«>  tnem  lfi^iiud^fr<m  tJi^  Vefml 
l^qwnoXf  at  the  Midnight,  tohich 
§eparatns  the  QUt  December,  1800, 
and  the  Ut  January ,  1801>  mean 
tiffte  at  Paris, 

Mercury... 162«  56' 

Venus/.., 10 

TRarih  \: 100 

Mars... ff  64 

Jupiter...... 112 

Saturn.. 135 

C!<or5iyjaSiaus..l77    47    17  ^0" 


21' 

46 

'9 

37: 

0 

9 

30 

5 

1> 

2A 

^3 

:r 

8 

•35 

0 

8 

57 

% 

21 

41 

<d 

43"  » 


Mean  Longitude  of  the  i^eriheliony  at 

thesarw  £/wcA,  1801. 

'Mercury.. «.«.  7i 

Venus 128  .37 

Tjiith 99 

J4ars 332. 

Jupiter .•     It. 

Satiirn 89 

Georglum  Sidus .  • .  .167 

The  S^cufar  Sidereal  motign  4tf  ike 

P^r'Mion. 

Mercury +i)«  9' 

Venus    —0    4 

Earfh -+0  19 

Mars +>t)  26 

Jupiter +«0  11 

Saturn 4.O  32 

Georgtum  Sidus ....      0    3 
Incitnation    ^f    tJteir  Orbits 

J^clijitif. 

I^ecular  Variation. 

Mercury ..... .7«  0'    9* '  . .  +-18"  t 

V>nus 3  23  33    . .—  4    ^ 

Earth 0    0    0    ....  Q    0 

Mars ...151    S    ..— •  0  1:5 

Jupiter 1  18  51   ..—22  61 

Saturn ...  .^, ...  2  29  38 15  4J 

Georgium  Sidus  0  46  26  ••  4.  3  13 

Mean  Longnitwie  ^  'iheir    ascending 
^des  oA  the  EcUptiCf  same  Epoch. 

S«cula'  Variaboi^ 

av— o»  13'  2- 


27 

% 

39 

« 

22 

4 

0 

^ 

17 

0 

59 

S 

to    . 

the 

Mercory  45»  57' 

Venus..  74  52 

Earth    ..0  0 

Mars.... 48  1 

1 

Jupiter..  98  25 

Saturn..  Ill  55 
Oeorg. 


39  .—0    31 


'  0  ..0 
28  — 0 
34  —0 
46  —0 


0 
38 
26 

37 


10 
0 

+» 
17 
46 


l^idu 


\\72 


51     14  —0    59    ^ 


N.  &.  AU  these  are  for  the  Epoch 
of  midnight,  wht^h  separates  the  Slst 
December  1800,  and  the  1st  Jaauary 
leoij  mean  time  at  Vn^'A, 


Tabh  of  the  Four  New  Planets,  from  the  Same. 


asr 


■   '  '■ 


lUaoUtUim  1801. 

» 

Teart  Days  1Ik»M.  Sec- 

Ceres 4  221  12  56    9 

PaOas ;.  4  221  17    0  $7 

Juao 4  150  £3  47    7 

Vefta 3  240  4    55  12 

.    JBorM  deinf  KXil^.  EccentrkUy. 

Ceres  .... 27674060 0 078S486 

Talli..i.     2-767592;....  0-245384 

Juno 2-667163 0-254944 

VesU  ....  2-373000 •0*093220 

Mwn  LongiUtdeffom  ih«.  Vernal  JB^ui- 
noxy  "Epoch  1801. 

^cf«s .......*..264o  45'   fP 

Dallas...... .552    37    2 

Juno  .,, .......290  .  30  52 

V«8ta .267    25    1 

Mean  LongUude  of  "Perikdion^  iame  ' 

Ceifes 1460  39'  39"' 

TWhs..,..v 121     14      1 

JHinro. 53    18    41   » 

Vesta 249    43      0 

TncUnaiion  a^  their  orbits  to  Ecliptic. 

Ceres 10©  37'  34" 

Pallas  .•..!... 34    37    8  , 

Juno 13    3    28 

Vesta '..    7    8    46' 

longitudes  of  ascending  'Nod^,  same 
Epoch,  , 

Xcres.....,....,.\...80«  ba^   3" 

Pallas ...•^..    jl72    33.48 

Juno in      .6  38 

Vesta ....103      I    0 

V  {B.  All  tbes»  Me  for  tbe  sime 
.£poq)|»  «y  J^^Dmc.  :i8e0>  at*joid^ 
.ntellt,'meMi;tiqieA^  PftCis. 


The  Elements  of  the  four  newly 
discoveredPIanets,  cannot  yet  be  given 
with  any  gieat  certainty,  as  they  have 
not  been  observed  a  sufficient  time, 
and  the  great  perturbations  they  meet 
with  ate  still  unknown.  The  Ele- 
ments as  here  annexed,  will  for  tbe 
present  time  meet  the  observationsy 
but  they  must  only  be  considered  as  a 
pieUminary  skeccb  of  th^  real  theo^ 
ries. 


Ancient  obaervaiion  on  ike  oMjttUy^f 
the  EeUpUe, 


Tcheou-kongllOOyrs?  ^^^  .  . 
-   before ouriera         %  *        '• 

I 

Ebn  Jones  In  tbe 


2 


» 


Pytheas   350  years 
before  our  xra. 


23    49     20 


i 


year  1000 
Cocheou-kong     1280    23 
Ulu-beigh  1437    23 

Modern  1801    23 

Decreasing  annually 
c-c0''521. 


.*«*< 


23     36    86 


33  SO 
31  48 
27    57 


Ceres  discovered  by  Piazzi,  Japuafy 

1, 1801. 
Pallas   do.  >y   Olbeis,  March  ^, 

1802. 
Iifuno  do.  by  .Holding,  Septem^.^ 

ld03. 
Vesta  dp.  by  Olhers^   Marcli   1^ 

18Q7- 

jf  lAsi  of  the  Prices. 


A 

LIST  OF  THE  PRICES 
At  which  the  Instruments  described  in  this  Warhf 

■  •  ( 

AK.B  MADE  AND  SOLD  BT 

I  ■ 

iF.  Avi>  S.JONES^ 

30,  ROLIIORK^^LONDOK, 


Plate  XI.  and  XII. 

'I'he  complete  Planetarium^  Tellurian^  and  Lunarhim,  all 
iA  brass}  the  box,  ABC,  piate  il.  Jig.  1,  mounted 
on  a  pedestal  with  claw  feet,  and  the  instrument  with 
all  it^  appendages  packed  in  a  portable  mahogany 
case. 37     16    0 

iV.^*  This  instrument,  by  beint  divided  into  three  parts,  admits 

the  various  phenomena  to  be  exhibited  in  a  complete  and  perqpi* 

cuous  manner. 

Portable  Transit, p2a/^ l!?,  fig.3  ...., 20      0    0 


#• 


V 


y 


Plate  XIV. 

Fig.  1.    The  simple  Astronomical  ^tuadrant  or  Angular 
Iristrumenl,  all  in  brass,  of  about  4|  inches  radius,  in' ' 
acase ^ 1    18  a 

Ditto,  with  rack-work  motions,  telescopic  sight,  reflect- 
ing eye-piece  to  observe  to  the  zenith,  borii^ontal  spirit 
levels,  ic,  packed  in  a  pocket  mahogany  case ..•••      4    4  0 

For  the  representations  aixt  descriptions  of  portable,  more  simple,  and 
less  expensive  Orreries,  see  the  pamphlet  entitled.  The 

Description  and  Use  of  a  New  Portable  Orrery^  by  /T.  Jonesi   The 
Sixth  JEdition,  Ift  13,  price  3s.  and  sold  Us  above. 

Fig.  2,  The  Portable  Equatorial  or  Universal  Sun-dial, 
all  in  brass,  the  radius  of  the  circles  about  3|  inches  in 
diameter,  in  a  case... ; 8    8  0 

An  improve<l  accurate  Equatorial  ^.« » 47    5  Q 

T 

Plate  XV. 

The  Globes,  as  represented  in  the  plate,  are,  according  t» 
the  mode  of  mounting  by  G.  Adams,  the  father  of 
our  late  author,  and  according  to  the  dimensions  of  12 
or  18  inches,  and  the  quality  of  the  frames,  the  pair, 
from  5/.  5/.  to i^ 15    15  Q 

For  an  account  of  the  New  British  Globes,  see  the  Adver* 
tisements  prefixed  to  the  T^lc  of  Contents  of  this  Work. 


Other  ff^orkSj  bju  the  late  Author^ 

AN  INTROWCTION  TO  PRAgTICAI^  ASTRON0MX> 
or  the  Use  of  the  Quadrant  and  Equatorial ;  selected  fiiA 
AstronomicaL  &c»  B«sayr,  with  ^  Places,  Pric^  38.     , .  /  '  '. ,  \^^  - 

ESSAYS  0»r  'FHE  MICROSCOPE^  containing  a  paiiicdtaf:] 
Description  of  the  most  improved  Microscopes  ;  a  general  H«tOfj'. 
eCIusectir;  a  Descnptiop  of 'ST 9  Animalc^Ia;  a.  View  of  ^' 
Organization  of  Timber^  and  the  Configurations  of  Salts  when 
dcr  the  Microscope,  &&  &;c.  '  Second' Edittoriy  hy  Freochic  Kav* 
icA.CHER»  in  4to,  and  illustri^led  by  33  Plates.  Price  1/.  iWm 
boards*     Reprinting  hy  W.  &  S.  Jones..  ,    * 

AN  ESSAY  ON  ELECTRICITY,,  explaining  clearly  atidfdly  } 
ttc  Principles  of  that  curious  and  useful  Science,  8ro^  in  Boa^» 

ANESSAYON  VISION>27«r^jS:£/iY/o«,  8vo.  in  Boar** 

GEOMETRICAL  AND  GRAPHICAL    . 

ESSAYS.  ' 

Containing  a  general  Description  of  the  best  and  most  approrod 
Mathematical  Ikstrumekts,  in  Geometry,  Civil  and  Military' 
Surveying,  Levelling,  Perspective,  Gunnery,  &c.  with  many  ncw- 
practical  Problems,  illustrated  by  34  Copp9r-^plates«  By  the  late 
Gborcte  Adams,  with  Corrections  and  Improvements.  By^WiL* 
MAM  Jones,  F.  Am.  P.  S.  Fourth  Edition^  8to. 

LECTURES 


XN 


NATURAL  AND  EXPERIMENTAL 

FHIJLOSOFHY. 

Ja  5  Tols.  8vo.  the  fifth,  Voimne  consisting  of  the  Plates  ant 
IndeX;.  revised  and  corrected  by  the  above  Editor.    Reprinting* 


1812. 


*GIendiuning>  Printeri  ^^  Hatton  Garden,  London.*^ 
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